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Funds are needed to secure this new permanent home 
for The British Institute of Radiology at 
36 Portland Place, London W1, next door to the 
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Appeal Co-Ordinator, 32 Welbeck Street, London W1M 7PG (01-935 6237) 
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Scintillation scan. 
Spinal column. 
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Scintillation scan. 


Disease of joints. 
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Ultras 


Ectopic kidney 


Facial thermogram 


INSTANTLY. 


We want you to get all the details possible in your 
diagnostic pictures. 

That’s why we have a technical assistance service. 
We'd like to help you take full advantage of the quality 
we've built into all our professional instant films. 

And since the picture can’t be better than the 
image on your video monitor, our experts are prepared to 
help you achieve optimum results from your particular 
diagnostic equipment. 

Polaroid black and white Land films have the 
sensitivity, resolution, exposure latitude and grey scale 
capability necessary to give you excellent diagnostic 
photographs on the spot. One of our films will give you 
both a positive and a negative instantly. With our 
Polacolor 2 film you can record high-resolution colour 
images in 60 seconds. All of our films are self-developing. 
You don’t need a darkroom or processing equipment to 
get the pictures you want. 


These films are being used in computerised 
tomography, ultrasound imaging, nuclear medicine and 
thermography. If you're working in any of these fields, 
make our technical assistance service part of your 
diagnostic system. It costs you nothing. 

For more information or a demonstration, phone 
Ray Taylor on Freefone 2143 or write to Polaroid (U.K.) 
Ltd.. Business and Professional Products Division, Ashley 
Road, St. Albans, Herts., AL1 5PR. 

We can’t help you diagnose your patients’ troubles, 
but we can certainly help you diagnose your photography. 


POLAROID% 


INSTANT FILMS FOR CRT RECORDING 


d' and ‘Polacolor’ are registered trademarks of Polaroid ¢ 


F n, Cambridg ass., | 
Polaroid (U.K.) Ltd., Ashley Road, St. Albans, Herts. Po! 
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‘Tomography 
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SONARSTAT 
ULTRASONIC COUPLANT 


glycerol/glycol base designed to optimize both ultrasonic energy 
transfer and acoustic impedance. 


SONARSTAT will improve the quality of your medical ultrasonics 


while providing patient protection. 


Available in 12 oz. dispensers and gallons, SONARSTAT is less 
expensive than the thickened water gels offered by competitors. 


Request our FREE SAMPLE 12 OZ. DISPENSER along with complete 
technical data and pricing. 


D | AG N O SH C S O N A R LID Aoi doses Estate, 


ve r, Livingston EH54 5DE. 
The Couplant People Tel, 0589 35165/6 


Made under licence from Echo Laboritories, Pennsylvania, USA 








SOUTHLAND HOSPITAL BOARD 
SOUTHLAND HOSPITAL, INVERCARGILL 
NEW ZEALAND 


Whole Time Radiologist 


Applications are invited from suitably qualified Medical Practitioners for the post of Whole Time Specialist 
Radiologist. 

Southland Hospital has 360 beds and is a base hospital providing a comprehensive range of services. A 
well equipped Department of Organ Imaging (diagnostic radiology, ultrasound and nuclear medicine} 
employs four Radiologists and a Registrar arid there is a small school of radiology attached to the De- 
partment, The appointee may have some duties at Gore Hospital, 40 miles from invercargill, which has 100 
beds and a recently up-dated and well equipped X-ray Department. 

Salary and conditions of Employment in accordance with Hospital Services Determination No. M9 
(Medical Officers). Salary within Automatic Specialist Scale from $1 9,621 — $25,364 plus General Wage 
Order Allowance $365. 

Application form, Conditions of Appointment and other information available from Chief Executive 
Officer, Southland Hospital Board, P.O. Box 39, Invercargill, with whom applications close on February 20, 
1979. 
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ILFORD shows up 
everywhere. 





The performance you 
expect—and get from 
ILFORD X-ray materials shows 
up in many other, sometimes 
unexpected places. 

For if there’s an image to 
be recorded, ILFORD will 
seldom be far away. 

Our Microfilm products 
show up in the computer 
world recording output and 
in the fields of finance and 
industry with image retrieval 
systems. And again in the 
security recording of the 
massive weekly tide of 
football pool coupons. 

We show up again in 
newspapers and magazines 
where ILFORD films and 
papers provide the illustra- 
tions which are often 





Our Photographic 
products can show up 
everywhere from banks 
(Surveillance film for high 
security areas} to outer 
space (Nuclear emulsions 
as used in every US. space 
shot so far). 

In Colour Printing too — 
amateur or professional — 
Cibachrome shows up 
wherever standards really 
count. You may not see the 
name, but you will see the 
results- everywhere. 

It is this very involvement 
in so many fields that supports 
the broad fundamental 
research and keeps the 
ILFORD products you use 
efficient and up-to-date. 


One last thing from ILFORD 


converted into print that always ‘shows 
by ILFORD Graphic ILFORD up’: the after sales 
m 


Ars materials. 





ILFORD Limited, Basildon, Essex. 





There's more 
to ILFORD than meets 
the eye 


and technical service. 





Left: MX4 125kV,.150 mA. Centre: 


D38 125 kV, 300 mA. Right: CD38 125 kV, 50 mAS. 
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Take a 
closer look 


The relationship of 
engineering quality with 
practical hospital workload 
is never more stringently 
tested than with Mobile 
X-ray Equipment. 


The MX4 Mobile 

is based on a monoblock tubehead 
design with medium power output. A 
rugged and compact mobile unit with 
practical economy in mind. 


The high output D38 

has forged its own special reputation 
with radiographers internationally — 
their comments and co-operation have 
refined its character and performance 
over many years. A superbly rugged, 
very mobile system with high output 
X-ray factors. 


The new Capacitor Discharge 
System CD38 

inherits all the proven mechanical 
features of the D38. Engineered in 
combination with a capacitor 
discharge X-ray generator to give 
consistently stable radiographic 
performance and high output even 
from low capacity mains supplies. 


For further information contact 
Mike Bench on 01-904 1288. 
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Responsible technology 


GEC MEDICAL EQUIPMENT LIMITED - P.O. BOX 2 - EAST LANE - WEMBLEY - MIDDLESEX HA9 7PR - ENGLAND 
TELEPHONE: 01-904 1288 - TELEX: 922177 - CABLES: SKIAGRAM, WEMBLEY 
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University of London 
Royal Postgraduate Medical School 


FAST NEUTRON THERAPY 
9-12 April 1979 


Three similar courses have been organ- 
ised by the Royal Postgraduate Medical 
School and the Medical Research Council 
Cyclotron Unit, Hammersmith Hospital, 
and have been found to be particularly 
valuable to doctors interested in treating 
patients with high LET radiation and, in 
particular, for those who have already 
started fast neutron programmes or will 
start them in the near future. 
The fourth course will be held from 9 to 12 
April 1979 and will consist of : 
Lectures and discussions on the physical, 
biological and clinical effects of 7.5 MeV 
neutrons. Clinical effects on tumours and 
normal structures will be compared with 
those produced by photons. 
The demonstration of patients treated 
with fast neutrons during the past nine 
years. 
Practical demonstrations and  explan- 
ations of the special techniques which 
have been evolved. 
Demonstrations and treatment of patients 
actually receiving neutron radiation at the 
time of the course. 
Throughout the four days of the course, 
members of the Fast Neutron Clinic, 
radiobiologists, physicists, engineers and 
the MRC isotope staff will be available for 
discussion with the participants. 
Because of the emphasis on the demon- 
stration of patients the number of clinical 
participants must be restricted to a maxi- 
mum of fourteen. In addition, ten physi- 
cists could be included for lectures and 
demonstrations, excluding the clinical 
demonstrations. 
Course organiser : Dr. Mary Catterall 
Course fee: £100 (full course, including 
catering) 
£80 (excluding clinical 
demonstrations, 
cluding catering) 
Application forms may be obtained from: 
The School Office (SSC) 
Royal Postgraduate Medical School 
Hammersmith Hospital 
Du Cane Road, London W120HS 
Telephone: 01-743 2030 ext 351 
Closing date for applications: 1 February 
1979 
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Diagnostic Radiologist 


Large hospital and office practice. Ultra Sound, 
Nuclear Medicine & C.A.T, desirable. 


Applicant must obtain L.M.C.C. and Canadian 
Radiology Fellowship within two years. 


Send Curriculum Vitae to Murray C. Caplan, M.D. 
c/o Radiology Consultants Associated 

803 Lake Placid Drive, S.E. 

Calgary, Alberta, Canada 

T2J 4B9 











Lucrative solo X-ray practice for Sale, 
in pleasant coastal city, 


North Island, New Zealand. 


For details please reply 


Box no, 16, 
The British Journal of Radiology, 
32, Welbeck Street London W1M 7PG 











FOR SALE 
Kodak Processor Model 100 (5 years old) 


Dual Magna Scanner 500/D Radio Isotope 


Scanner with patient table. 
National Hospital for Nervous Diseases 


(Superintendent Radiographer) Queen Square, 
London WC1N 3BG. 














British Journal of Radiology 


All enquiries for space should be addressed to: 
Advertisement Department 
The British Journal of Radiology 
24a Litchfield Street 
London WC2H 9NX 
Tel. 01-836 5281 
Telex 265972 








Our CTscanner / 


won't be outdated ` 
tomorrow. 


Philips TOMOSCAN 300 is the universal 
CT scanner designed and manufactured 
to give years of efficient and reliable service. 
_ Developed in close consultation with the 
medical profession, it meets all requirements 
for routine clinical practice. 
The TOMOSCAN 300 features scan times as 
short as two and a half seconds, and offers 
geometrical enlargement for outstanding 
image quality in a variety of applications - 
whole-body, cerebral, and paediatric. 
In addition, sophisticated patient 
positioning „aids ensure rapid 
and accurate examination procedures. 


Backed by a past that includes extensive 
experience in X-ray diagnostics, the TOMOSCAN 
300 is the CT scanner with a future. 


PRILIPS 10 


iG: 8 
KV 128 RA. 258 
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For detailed infarmatinn write ta: Philins Medical Systems. Eindhoven. The Netherlands 
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TEM proudly present their new 
Ximatron Treatment Planning Simulator 





Important Features 


Digital Readouts on all movements. 
Data output for computer interface. 


Interface can be provided to suit customers requirements 


Variable Speed Movements. 


Variable focus-to-axis distance from 80 cm to 120 cm or 
from 60 cm to 100 cm. 


Automatic locking positions for 3 focus-to-axis distances 
with automatic change of field size at these distances. 


Movement of the image intensifier axially over 40 cm both 
longitudinally and laterally + 19 cm 


Four independent collimator blades allow asymetrical X-ray 
fields, reducing scattered radiation and improving 
image quality. 


Maximum field size of 50 cm x 50 cm at 100 cm focus axis 
distance 


Motor drive for all unit movements (except Table Top Rotation). 
lsocentric Table with split spine table top. 

Remote and local control. 

Optical front pointer and distance indicator. 


Wide angle X-ray tube with concentric focal spots also available. 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 
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*You may see it used in conjunction 
with a Gastro-intestinal Fiberscope, 
a Broncho Fiberscope or rigid 
Laparoscope. The system 
incorporates an 18” Colour Video 
Monitor, Video Cassette Recorder, 
Camera Unit and suspension 
system. No technical expertise is 
needed to operate the system. 


KEY#MED 


Manufacturers of ialised Medical Instruments 
and exclusive distributors in the United Kingdom of 


OLYMPUS 


Fiberoptic Endoscopes 
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FOR SALE 


(NEARLY NEW) 
VICKERS SPACEMASTER MK. | 
MECHANICAL FILING SYSTEM 


Size: 103 %in. tall< 123in, wide x 5ft. deep 

{cards B%in. x 5%in.) 

CAPACITY: 14%in. Linear per filing tray 

(220 trays). 

May be inspected in X-ray department, 
The Royal Free Hospital, Pond Street, 
Hampstead, London NW3 20G. By appoint- 
ment with Miss Hollis, tel: 01-794 0500 
extension 4151. 


NOTE: it is estimated by Vickers Ltd. that cost 
of dismantling and crating would be in the re- 
gion of £500. 


Offers should be addressed to: The District 
Supplies Officer, The Royal Free Hospital, 
(address as above). 


ett wn - oe 








UNIVERSITY OF LEEDS 
in association with 
THE ROYAL COLLEGE OF RADIOLOGISTS 


THE LEEDS 
GASTROENTEROLOGY 
COURSE FOR RADIOLOGISTS 


will be held at 


ST. JAMES'S UNIVERSITY HOSPITAL 
LEEDS 


Monday 21 May to Friday Noon 25 May 1979 


The Course is designed mainly for Consultants and 

Senior Registrars who wish to sub-specialize in 

gastroenterology. It will have a sizeable clinical 
content and will emphasize special procedures. 


The fee for the Course is £60 which includes lunches 
and morning and afternoon refreshments. 


Residential accommodation can be arranged if re- 
quired at a central hotel, 


Early application is advised, 


Full details together with programme and application 

form can be obtained from Mr. Frank Moran, Senior 

Administrative Assistant, Postgraduate Dean's Office, 

Littlewood Hall, Leeds General Infirmary, Leeds 
LS1 SEX. 
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Proceedings of the Conference 
Held in Madison, Wisconsin 
September 30, October 1, 2, 1977 


THE CLINICAL PROSPECTS FOR HYPOXIC CELL 
SENSITIZERS AND HYPERTHERMIA 


Edited by 
William L. Caldwell & Ralph E. Durand 


PARTICIPANTS INCLUDE 


Johnson, Joines, Kowal, 


approximately 375 pages 


MADISON, WISCONSIN 653706. 


pvscrassatueseurosienoeasinwsitnnsntastatiesteeteieeccintt ttt inte ten iiiaae 


etait m oe 


Adams, Atkinson, Belli, Bush, Chapman, Dewey, Dickson, Dische, 


Durand, Elkind, Field, Fowler, Gerweck, Greeff, Hahn, Hok, 


Pettigrew, Song, Stone, 


Sutherland, Urtasun, Whitmore, Withers and Yatvin. 


$16.00 post paid 


Send name, mailing address and advance payment of $16 copy to: HYPERTHERMIA- 
SENSITIZERS CONFERENCE. RADIOTHERAPY, 1300 UNIVERSITY AVENUE, 


Make Checks Payable to: Hyperthermia-Sensitizers Conference. Purchase Orders 
should be accompanied with advance payment. 

















THORACIC 
MYELOGRAPHY 


e excellent tolerance, especially 
with regard to epileptogenic 
effects. 

e adhesive arachnoiditis unlikely 
to occur. 

The excellent tolerance of 
AMIPAQUE has been confirmed in 
more than 150 000 examinations 
covering the various parts of the 
subarachnoid space. 


In thoracic myelography 
AMIPAQUE - metrizamide - offers 
better demonstration of small 
structures and narrow spaces, 
because of its miscibility with the 
CSF and low viscosity. 

AMIPAQUE is completely elimi- 
nated from the body. 

AMIPAQUE is the only water- 
soluble contrast medium which 
can safely be used in thoracic 
myelography. 
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The Consultant's 
diagnosis resulted in an 
excellent prognosis. 

















“This will be a great aid to the work of the 
Department” he said of the Barr & Stroud Rapid Cassette 

qi Changer. Its major feature is that it enables 5 serial 
angiographs to be taken in 5 seconds. 

For full details use the journal reply system or call us, 
Barr & Stroud Limited (Dept. BJR 5), Melrose House, 
4-6 Savile Row, London W1X 1AF. 
Telephone: 01-437 9652. Telex: 261877 


Rapid Cassette Changer SQ13 
Although manually operated this Changer enables 
one exposure per second to be achieved easily, in 
either plane. 

Designed for use on Schonander or Barazzetti 
skull units it can be used on others with suitable 
modifications. 

Our mounting ensures vibration free 
operation and the chamber design compensates 
for divergence of the X-ray beam. 

The ‘L’ design of the unit allows lateral 
or AP views to be taken without needing to 
reposition the patient’s head. 

Strongly constructed in alloy with a 
white perspex overlay the SQ 13 measures 
53 X 48 X 46 cm., weighs 17 Kg empty and 

48 Kg when loaded with 5 cassettes. 





Barr & Stroud 


adds to your resources 


MEDICAL AND SCIENTIFIC INSTRUMENTATION. 
ELECTRONIC FILTERS. OPTICAL FILTERS. 
FIBRE OPTICS. LASERS. 
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The‘CONRAY range of contrast media puts 
your patient fully in the picture 


Angio-cardiography: 
Cardio — ‘Conray’: 
‘Conray 420°: 
‘Conray 280’ 


Abdominal-aortography: 
‘Conray 280’: 

‘Conray 420’: 

‘Conray 325’: 

Cardio — ‘Conray’ 


Gastroenterography: 
Gastro — ‘Conray 


Retrograde cystography: 
‘Conray 280": 

‘Conray 420’ 

(suitably diluted) 


Peripheral arteriography: 
‘Conray 280’ 


Cerebral angiography: 
‘Conray 280" 


Splenography and 
portal venography: 
‘Conray 280": 
‘Conray 420’: 
‘Conray 325° 


Retrograde pyelography: 
Retro — ‘Conray’ 


be 
= 


Intravenous urography: 
‘Conray 325’: 
‘Conray 420’: 
‘Conray 280’ 


Venography: 

‘Conray 280’: 
‘Conray 420’: 
‘Conray 325’ 


Conray Contrast Media 


There is a wide variety of formulations and Full information supplied on request to 
almost certainly one to meet your specific May & Baker Ltd Dagenham Essex RM10 7XS 
requirements however exacting they may be. *trade mark of Mallinckrodt Inc. 


A < 
‘Conray” contrast media are formulations of Ly vg | P 
meglumine iothalamate, sodium iothalamate or se May & Baker | f 
combinations of the two. 


A member of the Rhône-Poulenc Group of Companies 
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*6 Digit Liquid Crystal Display 
*Simple Push-Button Operation 
*Accurate Elapsed Time Measurement 
Ranges 0-999.999 seconds 
0-9999.99 seconds 
*Pocket-sized, Battery Operated 
(Battery lifetime over 200 hours 
continuous use) 


çi a 
> with the 2502/3 
500/3 lonex Dose/ 
2560 N.P.L. Therapy 
s Meter. it provides 
: aments of élapsed time 
rporates two ranges of 999.999 


nd 9999.99 seconds. These are NUCLEAR 
italy on aliquid crystal, ENTERPRISES 


nent element display. 
346 conveniently replaces hand- LIVITED 
38, laboratory clocks etc. Bath Road, Beenham, Reading RG7 5PR England Tel 073 521 2121 
ast. Telex 848475 Cables Devisotope Woolhampton. 


ises GmbH, Munich 
prises S.A. Geneva Nuclear Enterprises Inc San Carlos, Calitormia 





CARDIOTHORACIC INSTITUTE 
Brompton, London SW3 


Course in Pulmonary Radiology 
15th and 16th of February, 1979 


This course is designed particularly for Senior Registrars in radiology and in general 
medicine with an interest in lung disease. 


The fee will be £30 — including refreshments and hospitality. 
Subjects to be discussed will include: 
Techniques 
infection and Trauma 
Pulmonary Infiltration 
Neoplastic Disease 
Diagnostic Problems 


Applications and enquiries should be made to Mr. R. A. Perkins, Secretary, 
Cardiothoracic Institute, Fulham Road, London SW3 6HP from whom a copy of the 
programme may be obtained. 
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AMIPAQUE 
MEANS SAFETY 

e excellent tole- 
rance, especially with 
regard to epilepto- 
genic effects. 

e adhesive arach- 
noiditis unlikely to 
occur. 

The excellent tole- 
rance of AMIPAQUE 
has been confirmed in 
more than 150 000 
examinations covering 
the various parts of the 
subarachnoid space. 





































In cervical myelo- 
graphy AMIPAQUE - 
metrizamide — offers 
better demonstration 
of small structures and 
narrow spaces, 
because of its misci- 
bility with the CSF and 
low viscosity. 

AMIPAQUE is com- 
pletely eliminated 
from the body. 
AMIPAQUE is the only 
water-soluble contrast 
medium which can be 
used in cervical 
myelography. 


_ of 
(Eri 4i 
AN, 
NYEGAARD- OSLO Gey 
P.O. Box 4220 Torshov, Oslo 4, Norway. 


Amipaque 


CERVICAL 
MYELOGRAPHY 





e SUPER OUTPUT 600 mAp/125 kVp 

@ MILLISECOND SWITCHING 2-60 mAs in 
15 steps 

e IMPROVED MANOEUVRABILITY three forward 
speeds and two reverse — extra low speed for 
bedside adjustment 

e UNIQUE HIGH POWER CD600 X-RAY TUBE 
fine focus, high capacity 

LOW COST half cost of cordless systems 


NEW CD 600 X-RAY TUBE 








The second generation series CD600 capacitor 
discharge X-ray tubes have been designed on a new 
principle using a focussing electrode to cut-off the 
tube current in place of the grid which was 
previously used. 


With this tube, two 0:8 mm focal spots are 
superimposed on the target slightly shifted from each 
other. This results in a high power peak intensity 
distribution over a focal spot effective size 
1:2x1-2mm. 


A great improvement is achieved in the Modulation 
Transfer Function over the conventional tube and 
therefore excellent detail at high tube mA loadings is 
achieved. 


The use of this double focus combination also 
reduces individual filament temperature and provides 
longer tube filament life than conventional tube 
design. 





Capacitor Discharge Mobile 


Before making any 
















decisions, contact us 
and arrange a 
demonstration in your 
own Department. 








TODD RESEARCH LTD 


ROBJOHNS ROAD 


J" CHELMSFORD CMI 3DP 
TEL. (0245) 62233/7 TELEX 99327 





*Plan 1979 with our catalogue. 
| Contact us and a copy will be mailed 


| by return. 
L 








40 years of 
experience and 
expert 
knowledge 

can be made 
yours 

very easily 


Cldeltt 


Oldelft England Ltd 
16 Barclay Road, Croydon CRO 1JN 


Tel. (01) 681 1171, telex 946154 


Odelscope: image-intensifier-improved 


fluoroscopy 


Adding the Odelscope to your 
fluoroscopic device is combining 
fluoroscopic screen convenience with 
the benefits of image intensification in 
a simple and effective way. The 
excellent image definition, the low lag, 
the wide-angle screen and the easy 
compatibility of the Odelscope with 
practically all fluoroscopic tables give a 
new dimension to fluoroscopy 


Radiodiagnosis 

Odelca x-ray cameras 

100 mm System for spotfilm 
photography 

Deltorax chest film changer 
Odelscope image intensifier for 
fluoroscopy 


Ultrasound 

Real time linear phased array systems 
Cardiac phased array sector scanners 
General purpose gray-scale 
compound scanners 






Nuclear medicine 

Gamma cameras with complete range 
of accessories (e.g. multi-imager, 
whole body scanning bed) 


Radiotherapy 
4 and 15 MeV linear accelerators 
Cobalt units 
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Radiotherapy planning 
Simulix-Y simulator with Simtomix 
accessory for analog whole body 
tomography 


Pulmonary function testing 
Computerized equipment for the 
pulmonary lab 

Automated procedures in spirometry, 
flow/volume loop analysis and 
exercise testing 





Head Office: Holland, (nv Optische Industrie De Oude Deitt 





Beigie Belgique 1 eurne. Twee Gezustersiaan 34 
Te 1) 24.930 


Deutschland D 63 
Espana Madrid 1€ 
France 91402 Orsay BP 86. Te 
Italia 146 Roma 


Japan Osaka Postbox 
Sverige * 7208 
Schweiz 8618 Oetwil! am See 
USA Fairfax, Virginia 
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Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 


Agent for Bone Scintigraphy a- 


H 
Our Technetium (MDP) Agent gives you the best skeletal visualization HE 
available today. The high bone uptake and rapid clearance from blood ' 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. ee ON 


New Agent for Lung Scintigraphy 

Our new Technetium (MAA) Agent offers 
detailed lung visualization, with no interference 
fromthe liver. Particle size is strictly controlled with 
the majority in the range of 10-80... 











ae 


* * . l 7 T : a : 
New Agent for Liver Scintigraphy tb A Base 
The latest addition to our Pop | m 
range isthe unique Technetium AER cod sl 


(tin colloid) Agent. Its preparation 
is much simpler than sulphur 
colloid agents and requires no 
heating stage. It will visualize liver 
and spleen and unlike agents 
based on phytate, the colloid is 
formed in the vial, allowing 
quality control checks prior to 
iniecton, 


ve 
The Radiochemical Centre 
Amersham 


The Radiocherical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444, 


in W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307-4693-97, 1389A77 
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AMIPAQUE MEANS SAFETY AMIPAQUE leaves no residual which 

e excellent tolerance, especially with might disturb an accompanying com- 
regard to epileptogenic effects puter tomographic study of the 

The excellent tolerance of AMIPAQUE ventricular system. coi 
has been confirmed in more than Bat j] 
150 000 myelographies and in a great 
number of venticulographies. 

AMIPAQUE - metnzamide - permits $ 
penetration through a narrow aqueduct 
and gives excellent demonstration 
of the ventricular system, because 
of its miscibility with the CSF and ¢ 
low viscosity. 
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Your Kodak 
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rep wants to 
give youa 


ping hand 


Give your rep a few minutes of your time. 

And he'll help you expose a set of high definition extremity radiographs 
(like the one reproduced here) processed in your department in 90 seconds. 

Give him a little longer and he'll demonstrate for you high information 
radiographs ofall types. Ask him to tell you about any of these Kodak products for 
the radiographer. 

Kodak ‘Lanex Regular Screens. This high speed rare earth system is 
exclusive to Kodak. 

Kodak Ortho G Film. Colour sensitivity is matched to the ‘Lanex 
screens for optimum contrast, high information content and low dosages. 

Kodak‘X-Omatic Cassettes.Specially designed to expel airon closing, 
and provide excellent film/screen contact. 

Kodak ‘X-Omatic Identification Camera, Model X4-L. Allows the 
radiographer to record patient data on the radiograph at the point of exposure. 

Kodak‘Min-R’ Screen and Film. The fast, high definition film/screen 
combination for mammography, using rare earth phosphors. 

l Kodak RP‘X-Omat Processor, Model M6A-W. Our fastest automatic 
processor, delivering roll and sheet film at about 167 cm per minute. 

Whenever you need information, speak to your Kodak representative. 

You'll find he’s got all the facts at his fingertips. 





Kodak We care about your image 


Radak Laney, \-Onratic, \-Omaat, Min-R are trade snarky. 





Therac 6 


Linear Accelerator. 
Teletherapy beyond Cobalt 60. 


With an energy Output of 6 MeV photons, the AECI 
Therac 6 Linear Accelerator offers the full advantages of 
Mega-voltageé therapy while demonstrating significant 
improvements over Cobalt 60. Possessing superior 
dose uniformity and depth dose characteristics, Therac 6 
provides the maximum of control And, tor added 
Safety, record and verity feature is standard 
Compact, sell contained, Therac 6 is easily installed 
with limited modification to existing Cobalt tacilities 
required Without doubt, Therac 6 is the cost effective 
way of acquiring the advanced technology of linear 
acceleration. For full details, contact ALCL 


Atomic Energy 
‘* of Canada Limited 
Commercial Products 


PO Dox 6400, Ottawa, Canada KOA WH Tel (614) 592-2790 Cable Nemota Telex O54 4167 
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New from BDH. 

Uromiro-an important advance in contrast 
media. 

Uromiro (iodamide) is a new salt with important 
advantages in urography and angiography.’ 

In urography Uromiro combines lower levels of 
diuresis? with active tagmlar-secretion® resulting in 
excellent nephrographic and pyelographic phases. 

Uromiro is alsoayelktolerated in a wide range of 
doses in abdominal amieapetipheral angiography with 
minimal and transiént side effects* 









chev Stor the radiologist 
from BDH Phafrrtaceutitais. S 





References 1. Bonati et al, (1965) Arzneimittel-Forschung, 15, 222-229. 2. Bellizi, (1966) Radiologica Radioterapia and Fisica Medica, 21, 3. 3. Bollerup et al, (1975) 
European Journal of Clinical Pharmacology, 9, 63-67 4. Kaude, (1973) Der Radiologe, 13, 271-275 
BDH Pharmaceuticals Ltd, Lenten House, Lenten Street, Alton, Hampshire GU34 1JD. Telephone Alton (0420) 88767. Telex 858435. Uromiro and are trade marks. 
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A precision unit 
with high quality image for 
complex tomography 





This compact and rigid 
self-contained unit for 
precision tomography linear 
in any direction, circular 
movents and zonography. 
The angle of swing and 
exposure time are determined 
by press-button from the 
control desk once the 
direction has been selected. 


Complete Bucky 
examinations are simplified. 
The Exastratix allows double 
oblique angulations. 


The Exastratix can be 
equipped with an image 
intensifier for TV flouroscopy. 


Full details 
and specifications from 
CGR 
MEDICAL LIMITED 
Astronaut House, Feltham, 
Middx. Tel: 01-890 8766. 








Dyanne 


has designs on 


growing old 
gracefully. 





Dyanne is a clinical 
data processor for recording 
manipulating and interpreting 
static and dynamic studies 
produced by gamma cameras. 

Simplicity of operation 
is the keynote for everyday use. 
Data is presented in a clean easy-to- 
read form and the user may ‘access’ the 
raw data whenever required. 

Dyanne may be as interactive or 
as automatic as needs dictate, thus 
providing an unparalleled level of 
interaction between the user, computer 
and gamma camera. 


Dyanne has been designed to meet 


the needs of an expanding technological 


discipline. Our software will allow you 
to initiate your own routines and 
incorporate new procedures through 








Worldwide sales and service 





the use of simple protocols, 
You can up-date with 
ease, and this means that 
you can extend Dyannes’ 
processing capabilities way 
beyond the limits of less 
flexible systems. 
We're convinced that 
as soon as you use this powerful data 
processor it will mark the beginning 
of a long and industrious relationship. 
With this in mind weve made sure that. 
in the exciting world of nuclear 
medicine Dyannes data processing 
capabilities won't suddenly let you down 
Í eae with an obsolescent bump. 





LINK SYSTEMS / Halifax Road, High Wycombe, 
Bucks, HP13 3% 
Tek 0494 24145 ; 37542 
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The Pathogenesis 
of Reflux 
Nephropathy 


(Chronic atrophic pyelonephritis) 


By Professor C. J. Hodson, F.R.C.P., 
F.R.C.R., Memorial University of 
Newfoundland, Canada. 

T. M. J. Maling, M.B.,B.Ch.,M.C.R.A., 
F.R.C.R. Christchurch General 
Hospital, New Zealand. 

P. J. McManamon, M.B., B.Ch., 
L.G.M.C., F.R.C.R., General Hospital, 
Newfoundland, Canada, and 

M. G. Lewis, M.B., B.S., M.D., 
M.R.C.Path, Cancer Research Unit, 
McGill University, Montreal. 


The association between vesico-ureteric reflux and 
renal damage has been recognized for some time, 
but it has usually been assumed that the damage is 
due to infection promoted by the reflux. However, 
observations by Rolleston and his colleagues in 
New Zealand have indicated a link between the 
severity of reflux and renal damage. 


Furthermore they have suggested that reflux 
penetrating into the renal substance is the factor 
most likely to explain the production of renal 
searring. 

These observations have been given a firm 
experimental basis by Professor Hodson and his 
associates. Their careful work on the growing pig 
has shown that the sites of intra -parenchymal or 
intra-renal reflux (IRR) are the sites of subsequent 
scarring and atrophy. IRR only occurs abovea 
etitical pressure level ; reflux at lower-pressures 
produces no evident damage. Infection aggravates 
scarring but, in the presence of IRR, scarring can 
occur with sterile urine. 


The work set out in this monograph has wide 
practical implications, and is of interest to 
paediatricians, nephrologists, urologists, 
radiologists and others concerned in the 
management of patients with urinary tract 
infection, 


PRICE: £1-90 (Members of The British 
institute of Radiology £1-75) 


Orders to:The British Institute of Radiology, 
32 Welbeck Street, Londen WIM 7PG 
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Reflux and 
Renal Scarring 


by P. G. Ransley, M.A., M.B., 
F.R.C.S. and R. A. Risdon, M.D., 
M.R.C.Path. of the Departments of 
Paediatric Surgery and 
Histopathology, Institute of Child 
Health, Guildford Street, London 
WC1. 


Professor C. J. Hodson and his colleagues have 
shown the essential link in the association of 
chronic pyelonephritis with vesico-ureteric reflux: 
renal scarring in the growing kidney is related to 
intrarenal reflux of urine (“The Pathogenesis of 
Reflux Nephropathy”, British Journal of 
Radiology Supplement No. 13, 1975). These ideas 
have now been taken further by Ransley and 
Risdon, again using the growing kidney of the 
infant pig. Their starting point is the 

morphology of the renal papilla, The different 
shapes of papillae, determined by the lobar 
structure of the kidney, are critical to the 
occurrence of intrarenal reflux. 


These meticulous experimental studies answer 
many of the questions which have beset this 
subject : what are the pressure relationships of 
intrarenal reflux, why does scarring occur at 
predictable sites within the kidney, what are the 
mechanisms of progressive pyelonephritic 
deformity ? 


The authors have carried out carefully controlled 
experiments to test the importance of infection to 
renal scarring. Does sterile intrarenal reflux alone 
lead to scarring ? Ransley and Risdon show that 
infection is an essential component to the initiation 
of the renal scar. 


This work has far-reaching practical implications 
for understanding chronic pyelonephritis, and 
therefore for its medical/surgical management. 
Paediatricians, nephrologists, urologists, 
radiologists and all who care for children with 
urinary infection will read it with interest. 


PRICE: £3-60 (Members of The British 
Institute of Radiology £3) 
ISSN 0306-8854 


Orders to: The British institute of Radiology, 
32 Welbeck Street, London W1M 7PG 
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Editorial 


Use of SI units of radiation in the Journal 


The new units for radiation have been gradually 
approaching for some time. The last editorial on the 
subject was in October 1972 (British Journal of 
Radiology, 45, 715) and invited comment and dis- 
cussion but no date was given when the new units 
would be introduced. 

An article in the BJR Bulletin (Vol. 2, January 
1976, page 6) explained the new units succinctly. 
The British Committee on Radiation Units and 
Measurements (BCRU) has now issued its recom- 
mendations on the introduction of the new units 
(published by NPL, May 1978). BCRU recom- 
mends that during an interim period both units 
should be used in official documents, the new unit 
to be given first, followed by the old unit in paren- 
theses. BCRU further recommends that the old 
units should be abandoned for official use at some 
time during the period 1982-1985. 

We do not yet know what attitude H.M. govern- 
ment will take to these recommendations, but THE 
British JOURNAL OF RapIoLocy must decide when 
the interim period is to begin for papers in this 
journal, Already we have published several papers in 
which absorbed dose has been given in Gy, and 
many radiotherapy departments are actively con- 
sidering the changeover. 

The Editorial Committee has decided that the 
interim period cannot start before Volume 53, 
January 1980. Accordingly the new Instructions to 
Authors, appearing in this number of the Journal, 
requests that all new papers to appear in Volume 53 
onwards should use the new unit first, with the old 
one in parenthesis. The date when the old units will 
be abandoned has not yet been decided. 

The new units are becquerel (Bq), gray (Gy) and 
sievert (Sv). There is no specific unit for exposure 
which can only be expressed in coulomb per kg; the 
réntgen will disappear. Measurements in X-ray 
beams can be expressed as kerma, Kinetic Energy 
Released per unit MAss. One réntgen of X rays gives 


a kerma of 8.7 mGy (0.87 rad) to air. It is normally 
more useful to express a quantity of X rays in terms 
of tissue kerma, this being the dose received by a 
small volume of tissue at the point of interest. 
Multiples and sub-multiples of units will normally 
be in factors of 103 but the centigray (cGy) will be 
permitted for radiotherapy; use of the centigray is 
under active discussion in our correspondence 
column. The cSv will not be permissible. 

There is no point in insisting on SI in the radi- 
ation field unless we do the same throughout. Thus 
concentration will have to be molar when the chemi- 
cal formula is known. Some non-SI units will still be 
acceptable, for example minute, hour, litre and 
minute of angle. As far as we know, mm Hg for blood 
pressure and mm H20 for other body pressures, barn 
for nuclear cross-sections, and eV for particle energy 
will remain acceptable for an indefinite period. 

A conversion table between Ci and Bq is added 
here for the convenience of readers. 


CONVERSION ‘TABLE 





J 





Ci Bq Bq Ci 
1nCi 37 Bq 1 Bg 27 pCi 
1 aCi 37 kBq 10 Bq 270 pCi 
10p Ci 370 kBq 100 Bq 2.7 ni 
30 pCi 1.11 Mbq 1 kBq 27 nCi 
100 pCi 3.7 Mbq 10 kBq 270 nČi 
t mCi 37 Mbq 100 kBq 2.7 pCi 
10mCi 370 Mbq 1 MBq 27 pCi 
100mCi 3.7 GBq 10 MBq 270 pCi 
1Ci 37 GBq 100MBq = 2.7 mCi 
10 Ci 70 GBq 1 GBq 27 mCi 
100 Ci 3.7 TBq 1 TBq 27 Ci 
1kCi 37 TBq 1 PBq 27 kCi 
1MCi 37 PBq 100 PBq 2.7 MCi 
30MCi 1.11 EBq 1 EBq 27 MCi 








The number of significant figures should be appropriate 
to the precision required. 1 Bq is actually 27.027 pCi. 


D. K. BEwLEY, F. STARER 
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Nuclear power and the environment 


The Sylvanus Thompson Memorial Lecture delivered at the British 
Institute of Radiology joint meeting and annual congress on Friday, 


April 14, 1978 
By Sir John Hill 


United Kingdom Atomic Energy Authority, 11 Charles II Street, London SW1Y 4QP 


(Received April, 1978) 


There are so many aspects of nuclear power and the 
environment that it would be possible to give 
several quite different lectures all equally relevant to 
the title. There are, however, two quite separate 
aspects of the problem which are currently in the 
public eye and I would like today to concentrate on 
them. The first is the problem of the harmful effects 
of low levels of radiation which inevitably accompany 
any nuclear power programme and the other is the 
problem of radioactive waste management and the 
ultimate disposal of long-lived fission products. 

Let me deal first with the low levels of radiation 
which accompany a nuclear power programme, and 
for that matter the whole radiological industry 
whether associated with hospital diagnosis, indus- 
trial X-ray examination or, for that matter, 
passenger baggage examination at our airports. 


NATURAL BACKGROUND RADIATION 

Table I shows the per caput radiation dose per 
annum received by the population of this country at 
the present time. It will be seen that natural radi- 
ation is far and away the principal source of this 
radiation. Some of this natural radiation comes from 
outer space, but the majority is from naturally 
occurring radioactive substances on the surface of 
the earth, This naturally-occurring radioactivity is 
dying away slowly with time and must have been 


TABLE I 


ANNUAL DOSE TO GONADS IN UK PROM ENVIRONMENTAL 
RADIATION 





f 
Source | 





mrem 





Natural background 96 

Medical irradiation 
| Fallout 

Nuclear wastes 

Occupational 

Luminous watches 

Air travel 


PEIE 
*URAEA estimate, i 
Figures taken from private communication NRPB/UKAEA, 
4th April 1978. 





considerably higher at the time when life was first 
evolving on this planet. The principal source of 
naturally-occurring radioactivity is now uranium 238 
and its daughter products. 238U has a half-life of 
4500 million years, almost exactly the same as the 
life of the earth itself. By this I mean that the 
radioactivity associated with 238U has now fallen to 
half the level it was when the earth was created 
4500 million years ago. 

Since radiation is harmful, it can be argued that it 
is unfortunate that God left uranium distributed 
throughout the earth’s crust. However, this uranium 
also has beneficial effects. The radioactivity as- 
sociated with 238U is the principal source of heat in 
the depths of the earth and provides the energy for 
the building of mountains and the movement of 
continents. Without this continuous mountain 
building and earth movement the land masses 
would long ago have been eroded away by water and 
it is most unlikely that mankind could ever have 
evolved at all. 

The level of natural radioactivity is not, of course, 
the same everywhere since it is largely dependent 
upon the nature of the rocks and the quantity of 
radioactive materials (essentially uranium and 
thorium) contained in them. In this country the 
granite rocks of the north and west contain signifi- 
cantly more uranium than the younger sedimentary 
rocks in the south-east and this results in differences 
in the total levels of naturally-occurring radio- 
activity; for example: 

London — 67 mrem per annum 
Aberdeen —- 106 mrem per annum 

These differences in radiation levels are sub- 
stantially influenced by the materials from which 
houses are constructed. Houses reduce the amount 
of radiation coming from outside, but can increase 
the level of radiation to the occupants by virtue of 
their own contained radioactivity. In a brick house 
in London the level of terrestrial radiation can be as 
low as 30 mrem per annum, while in an Aberdeen 
house built of granite the terrestrial radiation level 
can be as high as 150 mrem per annum. 
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But these changes are small by comparison with 
variations in radioactive levels in other parts of the 
world. If we ignore uranium mines and consider 
simply the activity levels on the ground we find that 
the highest radiation levels are usually associated 
with thorium deposits. Some of these deposits are 
very rich in thorium, approximately 10°, by weight. 
In India the thorium sands along the Kerala coast 
extend for about 55 kilometres and about 70000 
inhabitants live there in radiation fields of up to 
2000 mrem per annum, i.e. 20 times higher than in 
London. In Brazil some of the coastal resorts near 
Rio de Janeiro are built on similar thorium deposits 
and thousands of holiday makers flood annually to 
towns such as Guarapari which have similar radi- 
ation levels. 

Potassium is another naturally-occurring radio- 
active material which contributes significantly to 
the dose rate received by the human body. The 
isotope 49K has a half-life of 1260 million years. It 
is important because it is an essential constituent of 
the body and contributes about 20 mrem per annum 
from internal radiation. Incidentally a sleeping 
partner increases this radiation by about 1 mrem per 
annum. 

Cosmic rays from outer space also contribute to 
naturally-occurring radiation. The earth’s atmos- 
phere is, however, a very effective shield and 
reduces the level of radiation to about 28 mrem per 
annum at sea level. At high altitudes, however, the 
screening effect is, of course, reduced and at 2500 
metres (about the height of Mexico City) the 
cosmic ray contribution is about double that at sea 
level. Flying in jet aircraft also increases radiation 
uptake. A long haul aircraft journey, say to the 
West Coast of the United States, will result in 
increased radiation of about 3 mrem. 

My object of discussing naturally-occurring 
radiation at the start of this talk is not to attempt to 
prove that radiation is good for you, but to empha- 
size: 

1. That radiation has always been present on the 
earth and that the levels have been higher in the 
past than they are today. 

2. That there are very significant differences in 
the radiation levels at different places. 


MAN-MADE ENVIRONMENTAL RADIATION 
I would like now to turn to man-made radiation 
because this has become significant only recently 
since X rays and radioactive materials have been 
exploited for man’s use. In the UK (and in all other 
developed countries) the principal source of radi- 
ation after natural radiation results from medical 


diagnosis. In this country this amounts to about 
30 mrem per annum per caput. The average per 
caput radiation resulting from X-ray diagnosis 
differs markedly from country to country. In the 
less developed countries the figures are very low 
simply by virtue of lack of medical facilities. 

The highest radiation levels from this source are 
given in the United States, Sweden and Japan, and 
it is generally true that in spite of rapidly improving 
techniques radiation levels for X-ray diagnosis are 
increasing as more examinations are made (U.N., 
1977). Japan has a quite unusual characteristic in 
that while the radiation levels resulting from the 
examination of the extremities are very similar to 
those here, the major source of radiation in that 
country comes from X-ray examination of the 
stomach and upper intestinal tract. This tendency is 
also noticeable in the United States, although not to 
the same extent as in Japan. The radiation levels 
received from diagnostic X rays in Japan, Sweden 
and the United States are about three times higher 
than in the United Kingdom and are about the same 
as the natural background radiation in those 
countries. In other words, the medical profession 
has in those countries doubled the average radiation 
level as far as humans are concerned. 

After God and the medical profession the next 
largest source of radiation is the military. The first 
weapons tests carried out in the atmosphere with 
weapons of about 20000 tons TNT equivalent 
contributed just over 1 kg of fission products and a 
few kilograms of plutonium to the atmosphere. This 
activity soon spread right round the northern 
hemisphere and could readily be detected as fall-out 
or in rainfall. The activity increased steadily with 
the size and number of weapons to be tested until 
finally, in 1962, a number of vast weapons were 
detonated by the Americans in the Pacific and by 
the Russians in the Arctic. These detonations of 1962 
had a total yield of 217 megatons of TNT and a 
fission yield of 76 megatons. They released more 
activity to the world than all the other tests put 
together and, of course, vastly more than any 
peaceful nuclear programme. These explosions 
caused an immediate and significant increase in 
world radiation levels. Justifiable and profound con- 
cern was expressed by all thinking people about the 
resulting pollution of our planet. 

But with the banning of atmospheric tests (except 
by the Chinese) the atmosphere has now almost 
cleansed itself again and levels of activity have 
returned much nearer to pre-test values. This 
cleaning up process is, of course, a combination of 
two processes—fall-out, which is the process most 


VoL. 52, No. 613 


Sir John Hill 


important in the case of long-lived activity, and 
decay which is the dominant process for material of 
half-life less than about one year. 

The dose commitment to the world’s population 
due to these tests has however been high, perhaps 
150 mrem to the population in the northern hemis- 
phere and 100 mrem to the world’s population as a 
whole—a cumulative dose of perhaps 300000000 
man rem or one year’s contribution from natural 
radiation. 

Of the other sources of radiation only three are 
of significance—nuclear power, industrial X-raying 
and luminous watches. I am not being completely 
facetious in comparing nuclear power with luminous 
watches. Nuclear power does contribute a greater 
radiation to the population at large than luminous 
watches, but they are of the same order. Wrist 
watches are estimated to contribute a total of about 
10000 man rem per annum in this country. The 
new reprocessing plant at Windscale about which 
there has been so much controversy is expected to 
discharge activity corresponding to a dose com- 
mitment of not more than 20000 man rem per 
annum. About half this radiation will be due to the 
inert gas Krypton 85 and when we are able to 
develop equipment for removing krypton this 
figure should be reduced to about 10000 man rem. 
This plant will be capable of processing spent fuels 
from nuclear power stations of power equivalent to 
the burning of 100 million tons of coal per annum. 


ENVIRONMENTAL RADIATION FROM THE NUCLEAR 
INDUSTRY 

To get a full picture of the total radiation resulting 
from the nuclear industry in this country we must, 
however, consider all stages. The processing, 
enrichment and fabrication of uranium into fuel 
elements contributes a negligible routine dose as far 
as the public is concerned. As far as the workforce is 
concerned the degree of protection provided is that 
appropriate to a chemical industry dealing with a 
toxic product and radiation levels have only been a 
problem during failure of plant or failure of op- 
erating procedures leading to leakage or dust. 

In nuclear power stations the core of the reactor 
is intensely radioactive (see Fig. 1). This is, of 
course, where the fission takes place and is far and 
away the most active part of the whole nuclear 
industry. It is, however, not necessary to approach 
the core during operation and all movements of fuel 
or controls are carried out remotely. Furthermore 
the active nuclear fuel and all the fission products 
are clad in metal tubes and the release of activity 
from the fuel elements is therefore minimal (Figs. 2, 
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Simplified diagram of prototype fast reactor (PFR) 
©UK Atomic Energy Authority 


3 and 4). The discharge of activity from nuclear 
power stations to the environment is therefore small. 
It corresponds to the activity associated with 
corrosion products in the fuel element ponds, 
cooling air which has become slightly activated by 
neutrons escaping from the core, and small quanti- 
ties of tritium and sulphur 35 which are produced 
by neutron capture by trace impurities of lithium 
and chlorine in the core graphite. 

The dose to the public from normal operation of 
nuclear power stations is therefore very small. It is 
in fact substantially less than from the fuel re- 
processing plants. The total dose commitment to 
the British public from the British nuclear power 
programme is at present approximately 0.5 mrem 
per annum and this will be reduced substantially 
when new plant comes on stream at Windscale. 
This dose commitment is much smaller than the 
variations in natural radiation levels or variations in 
the average dose to the population at large resulting 
from changes in attitudes to medical diagnosis. 

This is not to argue for lax rules in the nuclear 
industry. Under normal operating conditions the 
discharges to the environment are such that the 
irradiation levels to the public are very low indeed. 
But it must be remembered that nuclear power 
stations and reprocessing plants contain hundreds if 
not thousands of megacuries of activity and very 
stringent precautions are taken to ensure that these 
quantities of fission products are not, through 
accident, released to the environment. 

It is perhaps at this point worth mentioning the 
rules which apply to radioactive wastes and emis- 
sions in this country. The standards are based upon 
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Assembly of experimental (PFR) breeder fuel at Reactor 
Fuel Laboratory, Springfields. 
©UK Atomic Energy Authority. 


recommendations of the International Commission 
on Radiological Protection (ICRP) that any un- 
necessary exposure to radiation should be avoided 
and all radiation doses should be kept as low as is 
reasonably achievable, economic and social con- 
siderations being taken into account. ICRP have 
recommended numerical dose limits designed to 
ensure that the risk to the health of individuals and 
populations should not exceed an acceptable level. 
These guiding principles were embodied in 
United Kingdom policy and defined in a Govern- 
ment White Paper Command 884 (HMSO 1959) 
“The Control of Radioactive Wastes” as follows: 

(i) To ensure, irrespective of cost, that no member 
of the public shall be exposed to a radiation 
dose exceeding the ICRP dose limit. 

(ii) To ensure, irrespective of cost, that the whole 

population of the country shall not receive an 
average dose of more than 1 rem per person in 
30 years. 

To do what is reasonably practicable, having 
regard to cost, to reduce doses far below these 


(iii) 


levels. 
These regulations are accepted by the nuclear 
industry as a fair interpretation of the ICRP recom- 
mendation and the nuclear industry works well 
within them. It is however interesting to note that 
the ICRP recommendation for the maximum dose 
to be received by any member of the public is 500 
mrem per annum. Although these rules do not apply 
to natural radiation or radiation given for medical 
reasons, it is interesting to speculate how they 
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A Connecticut Yankee power water reactor (PWR) fuel 
assembly, Haddam Neck Plant. 
©Gulf General Atomic. 


would be interpreted if God had created the 
thorium sand deposits along the Sussex coast in- 
stead of along the coast of India and Brazil where 
they contribute up to 2000 mrem per annum. 

There is no doubt that the nuclear industry 
operates under a particularly powerful microscope. 
In the foreword of the recent report by the Health 
and Safety Executive (HMSO 1978) on the hazards 
of conventional sources of energy it states: 
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“In all countries with a well developed nuclear 
industry the work started as a Government enter- 
prise in which money and resources for health and 
safety studies, if not unlimited, were at least freely 
available. In addition, the consequences of ionising 
radiation were fairly well understood even 20 years 
ago and to this has been added the increasing 
experience available from such studies as those on 
the survivors of the weapons explosions at Hiroshima 
and Nagasaki. There is perhaps less understanding 
of the possible health effects of conventional energy 
sources largely because detailed studies have not 
been thought necessary. 

“Against this background the process of health 
and safety assessment in the nuclear industry has 
developed along characteristic and possibly unique 
lines. In particular the level of protection achieved 
has been so high that there has been no real pos- 
sibility of there being sufficient effects on the health 
either of the workforce or a fortiori of members of 
the general public to provide information on the 
consequences of the exposures to radiation and 
radioactive materials. Assessments of possible 
effects have therefore been based on a cautious 
extrapolation from levels of radiation dose known to 
produce effects in man down to those which actually 
occur in practice. In the case of members of the 
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Transferring a completed PFR fuel sub-assembly to the 
vertical chamber gauge for final inspection. Fuel for the 
prototype fast reactor at Dounreay in Scotland is made at 
Windscale, Cumbria. It comprises mixed plutonium and 
uranium oxide pellets in stainless steel cans. The process 
plant is extensively automated and remotely controlled, 
particularly in the ceramic stages. The first charge, con- 
sisting of 32000 cans in 100 fuel sub-assemblies, has been 
completed and reload fuel is currently being manufactured. 
©UK Atomic Energy Authority. 


public this extrapolation involves factors in excess 
of a thousand. These very small exposures are 
indeed much less than the variations in the natural 
exposure to background radiation. 

“It has been conventional to assume that these 
very small doses may produce deleterious con- 
sequences if the number of people exposed are large 
enough even though the risk to the individual is 
genuinely trivial and certainly never going to be 
demonstrable. By contrast almost all work on 
conventional pollution such as that arising from 
conventional sources of energy has been concerned 
with demonstrating whether or not observable 
effects are detectable at levels currently found in the 
environment or occasionally extrapolating down- 
wards by one, or at the most two, orders of mag- 
nitude from levels which are known to produce 
observable effects in man. Unless agreement can be 
reached on a consistent approach, comparisons of 
the assessment of health and safety effects between 
nuclear and other sources of energy will always be 
unrealistic.” 


HAZARD FROM SMALL Doses oF RADIATION 

The information that we have on damage or 
injury by radiation is mostly derived from observ- 
able effects of high levels of radiation which re- 
sulted in the early days from the use of luminizing 
paint and more recently from the effect of X-ray 
therapy, the history of survivors of Hiroshima and 
Nagasaki and the effects of large doses of radiation 
received by workers involved in nuclear accidents. 

From these large doses it is possible to deduce 
some correlation between the dose received and the 
increased probability of a cancer starting in sub- 
sequent years. This probability is approximately 
10-4 per man rem. By this it is meant that a dose of 
shall we say 100 rem would result in an increased 
probability of cancer of 1% in subsequent years. 
What is not clear is whether this correlation is 
linear; does, for example, 1 rem give an increased 
probability of 10-4 of a cancer being produced in 
subsequent years? So far it has not been possible to 
establish whether or not this extrapolation is 
accurate because any figure such as 10-4 is com- 
pletely swamped by statistical variations of the 
population and other factors which can cause or 
prevent cancer. 

While it must be accepted that all radiation—even 
at low levels—is damaging, we might nevertheless 
expect that low doses would be less damaging than a 
linear extrapolation would predict. 

On the other hand there would appear to be an 
almost direct relationship between the amount of 


January 1979 


Nuclear power and the environment 


meat consumed and the incidence of cancer in the 
large intestine (Fig. 5). Other factors such as lack of 
adequate roughage in the diet may, of course, be 
just as important. 

For the public at large the average radiation 
received from the nuclear industry is so low that 
there is clearly no possibility of deducing anything 
about the effects of low levels of radiation from 
general health and mortality statistics. For radiation 
workers however the exposure to radiation can be up 
to 50 times higher than the natural background and 
exposures of up to ten times the natural background 
are fairly common. Numerous statistical analyses 
have been carried out to try and ascertain whether 
these radiation levels can be shown to have any 
measurable effect on the health or longevity of 
radiation workers, and, in particular, whether the 
linear extrapolation hypothesis for carcinogenesis is 
valid. 

Although from time to time workers in various 
parts of the world claim to have demonstrated that 
some particular cancer has a higher incidence than 
would be predicted by the linear damage hypothesis 
I have not yet seen any convincing analysis. It is, of 
course, even more difficult to prove from mortality 
statistics that low levels of radiation are less damaging 
than the linear hypothesis would predict. 

In the recently published recommendations of the 
International Commission on Radiological Pro- 
tection (1977) it states “There are radiobiological 
grounds for assuming that the dose response curve 
for low-LET radiation will generally increase in 
slope with increasing dose and dose rate . . .” and 
“For many effects studied experimentally, the 
response in this range [up to a few hundred rad] can 
be represented by an expression of the form 
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Incidence of cancer of the large intestine in relation to meat 
consumption, Figures taken from Cairns, 1975. 


E=aD-+bD?’ and later “The use of linear extrapol- 
ations, from the frequency of effects observed at high 
doses, may suffice to assess an upper limit of risk, 
with which the benefit of practice, or the hazard of 
an alternative practice—not involving radiation ex- 
posure—may be compared. However, the more 
cautious such an assumption of linearity is, the 
more important it becomes to recognize that it may 
lead to an overestimate of the radiation risks, which 
in time could result in the choice of alternatives that 
are more hazardous than practices involving 
radiation exposures. Thus, in the choice of alter- 
native practices, radiation risk estimates should be 
used only with great caution and with explicit 
recognition of the possibility that the actual risk at 
low doses may be lower than that implied by a 
deliberately cautious assumption of proportionality.” 

The linear hypothesis is of importance to the 
nuclear industry in two ways~-to determine 
compensation payable to workers who have ac- 
cumulated a significant radiation dose and die of a 
form of cancer, and as a basis for plant design. 

A proportion of workers in any industry contract 
cancer, but in the case of radiation workers the 
linear damage theory can be used as an upper limit 
to establish the probability of the cancer being 
caused by radiation. Take for example a worker who 
has received a cumulative dose of 10 rem. Using 
the factor 1074 we would calculate an excess prob- 
ability of all forms of cancer of 10-8 in subsequent 
years. The probability of a man of say 35 dying of 
cancer of the lung over a 30-year period is however 
much higher, 3.5 x 10-2 over the period from 35 to 65, 

But if we consider a very rare form of cancer— 
for example myeloma in young people—the prob- 
ability of contracting this disease from natural 
causes is 6 10-5 between the ages of 25 and 44. If 
such a person had received the same integrated dose 
the linear hypothesis could set the upper limit of 
this being due to radiation which would be suf- 
ficiently high for compensation to be payable. 

From the point of view of plant design, it is 
extremely important for the nuclear industry to 
know to what extent the linear hypothesis is valid, 
not of course to avoid paying compensation to 
unfortunate employees who die of rare forms of 
cancer but so that realistic estimates can be made of 
how much money should be spent to reduce 
radiation exposure not only to our employees but to 
the public. 

Again referring to the Recommendations of the 
ICRP (1977), it says in paragraph 130 “In these 
recommendations, therefore, the Commission does 
not propose dose limits for populations. Instead it 
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wishes to emphasize that each man-made con- 
tribution to population exposure has to be justified 
by its benefits...’ “The limit for irradiation of a 
whole population is thus clearly seen as the total 
reached by a summation of minimum necessary 
contributions and not as a permissible total ap- 
parently available for apportionment.” 

In the nuclear industry hundreds of millions of 
pounds are being spent on establishments such as 
Windscale on the basis of a hypothesis which is 
assumed to be linear right down to the origin. 
Almost every other industry assumes that their 
damage curve has a cut-off point at some level, 
below which no damage occurs. This anomaly may 
well be leading to expenditure on nuclear plant to 
achieve minimum discharges to the environment, 
when the same money--and it is effectively all 
public money—-could produce much greater bene- 
fits if applied to other pollutants. 

I have discussed at some length the difficulty in 
obtaining information on radiation damage from the 
health and mortality statistics. It is not that there is 
any shortage of statistics, the real problem is that the 
variations in the statistics both for different oc- 
cupations and different parts of the country are vast 
compared with anything that could be attributed to 
radiation. 

I have below picked out from the latest mortality 
statistics published by the Office of Population 
Census and Surveys (HMSO 1974a) the standardized 
mortality rates for three common causes of death— 
cancer of the Jung, cancer of the stomach and 
ischaemic heart disease. I have selected these 
particular causes of death because the numbers 
involved are large and therefore the statistical 
accuracy is much better than for rarer diseases. The 
figures given correspond to an average of 100 for the 
whole of England and Wales. 


TABLE H 


VARIATION BY AREA OF MORTALITY FROM THREE COMMON 
CAUSES OF DEATH 
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Figures taken from the Registrar General's Mortality Mortality Statistics—-England 


Statistics by Area—-England and Wales 1974. 
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We see even greater variation when we study the 
mortality statistics of different industries. Let me 
give a few examples, again using the figure of 100 
as standard for England and Wales (HMSO 1974b). 

The only conclusion I want to draw from these 
two tables is the fairly obvious one that you get 
higher mortality figures in industries that are harsh 
and dirty and the same is true of those parts of the 
country where living conditions tend to be harder. 
But there may well be other reasons related to water 
supply, eating habits, social habits and so on. But 
with such large variations in different regions and 
different occupations, is enough analysis being 
given to other pollutants or deficiencies that can 
influence the health and life expectancy of the 
population when compared with the microscope 
focused upon the effects of low level radiation? 

It seems to me, after studying the statistics 
produced by the Registrar General, that if we want 
to improve the health and life expectancy of the 
population we should move in the direction of 
cleaner and more professional industry and away 
from the dirty, dusty industries which employ 
unskilled manual workers. It is in this context that 
we, the nuclear industry and you the radiological 
industry, make our contribution in spite of using 
radiation as one of our principal instruments. 


TREATMENT AND STORAGE OF FISSION PRODUCTS 

But we in the nuclear industry suffer a further 
disadvantage by comparison with the radiological 
industry. We have to deal with long life fission 
products whereas the radiographer can turn off the 
X-ray beam at the touch of a switch. I would like 
therefore to conclude by saying something of the 
treatment and storage of fission products in the 
nuclear industry. 

Figure 6 shows the fission process and Fig. 7 the 
distribution of fission products from the burning 
of uranium. About 300 different nuclei have been 
detected and about 180 of them are radioactive. 


TABLE IH 
VARIATION OF MORTALITY BY OCCUPATION 





Professional occupations 75 
Farmers 91 
Woodworkers 96 
Electrical 104 
Construction workers 111 
Forge and foundry 122 
Miners and quarrymen 144 








Figures taken from the Registrar General’s Occupational 
and Wales 1970-1972 
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These nuclei unstable because the fission 
process produces the wrong balance of protons and 
neutrons in the nucleus; as this imbalance is correct- 
ed electrons and y rays are emitted. A large number 
of these fission products have a very short half-life 
and die away to stable elements in seconds, min- 
utes or hours; as far as radioactive waste is con- 
cerned they can be ignored because they will all have 
disappeared before the fuel is even withdrawn from 


are 


the reactor. 
Other fission products have half-lives of days or 


weeks and these can all be allowed to die away in the 
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Fic. 6. 
The fission process in a uranium nucleus. (From BNFL 
booklet ‘‘Working with Radiation”). 
©UK Atomic Energy Authority. 
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View of part of the cooling pond at Windscale works 
British Nuclear Fuels Limited. 
©U.K. Atomic Energy Authority. 
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View of fuel flask in cooling pond. Each fuel element 
consists of 36 stainless steel fuel pins inside a graphite sleeve. 
The pins are filled with slightly enriched uranium dioxide 
pellets. When fully loaded each reactor contains 2464 fuel 
elements in 308 channels. 
©U.K. Atomic Energy Authority. 
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cooling ponds before the fuel is processed (Figs. 8 
and 9). A particularly important fission product in 
this class is iodine 131 with a half-life of eight days. 
In some ways this can be regarded as a particularly 
difficult fission product because it is very active, it is 
volatile, and it is readily absorbed in the body. On 
the other hand the fuel can be left in the cooling 
ponds for six months before processing by which 
time the activity of 131] will have decayed to less 
than one millionth of what it was. 

As we go up the scale in lifetime we come to those 
fission products with half-lives in months or years 
and these are the most important from a reprocessing 
point of view. Cerium 144 with a half-life of 284 
days contributes the most activity in fuel about a 
year old. Ruthenium 103 with a 40 day half-life and 
ruthenium 106 with a half-life of exactly a year are 
particularly troublesome to process. Ruthenium is 
an element with many possible valencies; whatever 
you do to effect a separation some of it always turns 
up in effluent streams one would like to discharge. 

The most difficult fission products are, however, 
strontium 90 and particularly caesium 137. These 
are both abundant with yields of about 5% of the 


total yield of fission products and have half-lives of 


about 30 years. This is short enough for them to be 
very active and yet it is too long to enable one to 
wait for them to decay away. They constitute the 
principal activity in nuclear waste over the period 
ten years old to 500 years old. 

Finally, there are a very few fission products with 
half-lives of 10000 or even 1000000 years but these 
are present in very small quantities and have such a 
low specific activity that they are of little con- 
sequence and contribute less activity than was 
possessed by the uranium that was dug out of the 
ground in the first instance. 
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Figure 10 shows how the activity of fission 
products decays with time. The important things to 
note are first the very rapid fall in activity in the 
first months or years after removal from the reactor. 
Second the steady slow fall in activity demon- 
strated by the 30 year halving time of 187Cs and 99Sr 
and finally the very small residual activity of the 
weak long-lived products. 

The fission products, after separation from the 
plutonium and uranium, emerge from the reproces- 
sing plant as a solution in nitric acid. It is at present 
concentrated as far as possible without causing 
crystallization or precipitation and is stored in high 
integrity tanks within thick-walled concrete vaults 
which are themselves clad in stainless steel (Fig. 11). 
Internal cooling coils are provided to remove 
fission product heat (Fig. 12) and the tanks also have 
an external cooling jacket which effectively provides 
an additional cladding. Spare tanks are always 
available together with of transferring 
liquors from one tank to another if a leak develops. 

Although the storage of these highly active 


means 


wastes has been entirely satisfactory to date it is 
clear that we can do better than just leave them in 
an ever growing tank farm. Solidified waste is 
clearly much less likely to leak into the environment 
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General view of highly active storage tank (Windscale). 
©British Nuclear Fuels Ltd. 
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than a liquid and will require less supervision. It is 
therefore planned to glassify these wastes by mixing 
them with a slurry of the raw materials of glass and 
then raising the temperature to about 1000 C by 
which time all the volatiles will have boiled away 
and glassification will take place (Fig. 13). 

This process was developed at Harwell over ten 
years ago. The fundamental process is no different 
from that which has been used in glassmaking for 
the last 2000 years and the main problem is how to 
engineer a plant to do this simple operation reliably 
and remotely with such highly active materials. 
There can be no possible doubt that it can be done 
on a full production scale. The only question is 
what is the best way from the point of view of cost, 
ease of operation and maintenance. 

Prototype plants are now under construction and 
in about eight years’ time we shall have a first 
production plant in operation. These plants will 
produce glassified waste in stainless steel cylinders, 
each cylinder containing about one ton of glass 
which, in turn will contain about one-fifth of a ton of 
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Lowering cooling coils into high activity storage tanks. 


©British Nuclear Fuels Ltd. 


fission products. Our nuclear programme is now 
equivalent to about 15 million tons of coal per year 
and produces about five tons of fission products 
which when glassified will amount to 25 cylinders of 
waste a year. The heat output will depend upon the 
age of the waste, but will be of the order of 10 kW 
per cylinder. The cylinders will be stored in deep 
ponds of water for another 20 to 30 years (see Fig. 14) 
until the heat output has diminished sufficiently for 
the next stage of disposal. 





Section of a vessel containing vitrified waste with simulated 
fission products. 
©UK Atomic Energy Authority. 
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Diagram showing glass blocks stored under water. 
©U.K. Atomic Energy Authority. 
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Diagram showing a possible way of disposing of highly 
active waste by burial in deep stable geological formations. 
©U.K. Atomic Energy Authority. 


These cylinders have to be kept away from man 
for about 500 years until all the 137Cs has decayed. 
We are therefore planning to bury them sufficiently 
deep in rock that people will not accidentally dig 
them up again without knowing what it is they have 
unearthed (see Fig. 15). 

I believe you could bury these glassified wastes 
pretty well anywhere but because of the long time 
they have to be kept away from man and the fact 
that we do not want to have to supervise them in the 
future, we have looked for geological formations 
which should be particularly suitable and require 
no long term supervision. For the UK granite 
structures would appear to be the most suitable 
because unfractured granite should be free from 
water and only percolating water could possibly 
transport activity back into the food chain and then 
back to humans. Clay and salt deposits are other 
possible formations which are being studied. 
Sediments under the sea are also a possibility (see 
Fig. 16). 

There is not really any great hurry to find an 
ultimate disposal site. If we bury fission products 
when they are still relatively young we will have 
problems of heat dissipation because rock does not 
have a high thermal conductivity. We would prefer 
to wait until the heat output of the glass is down to a 
level which can easily be conducted away. If we do 
not we will have to have a ventilated store, or some 
other cooling arrangements, for an equivalent period 
of time. But there are pressures upon us to demon- 
strate the principle of ultimate storage and we would 
certainly like to get the research and proving work 
done without a rush and in good time. 
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Fic. 16. 
Diagram showing a possible way of disposing of highly 
active waste by burial at the bottom of the ocean. 
©U.K. Atomic Energy Authority. 


CONCLUSION 

I would not like to give the impression that there 
are no problems in the nuclear industry. No large 
industry would claim that it is free of all problems. 
The amount of radioactivity in the core of a large 
power reactor is of the order of a thousand million 
curies during operation. Very stringent precautions 
have to be taken to ensure that this activity cannot 
by accident be discharged to the environment. 
Even when the reactor is shut down the fission 
products in the fuel remain intensely active and all 
parts of the plant near the core become active and 
must be maintained remotely. 

The reprocessing of nuclear fuel is similarly a 
difficult operation both because of the difficulty of 
maintenance of a highly active plant and because in 
relation to the throughput of the plants much 
tighter controls are imposed upon the discharge of 
radioactive effluents than upon the discharges of 
most other industries. 

But provided plants are properly designed and 
operated to high standards, there is no reason why 
the nuclear industry cannot provide this country 
with all the power it requires. Moreover it can do 
this with less impact upon the environment than 
that of alternative energy sources and with radiation 
levels to the population so low that they will always 
be much less than the variations in the level of 
natural radiation. 
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Book review 


Emmett’s Clinical Urography. An Atlas and Textbook of 
Roentgenologic Diagnosis. 4th Edition. By D. M. Witten, 
G. H. Myers and D. C. Utz, pp. xxii +2250 + index, illus., 
1977 (East Sussex, W. B. Saunders Co.), 3 volume set, 


£75-00. 


The delight with which a new edition of this standard 
textbook of uroradiology is welcomed will be tempered by 
the knowledge of the death of its founder and driving force, 
Dr, John L. Emmett. The quality of this edition will serve 
as a fitting tribute to a great man to whom so much is owed 
by radiologists and urologists throughout the world. It is 
appropriate that this edition should be entitled ‘‘Emmett’s 


Clinical Urography’’. 


In addition to the three editors there are no less than 20 
contributors each of whom has already justifiably earned a 
high reputation in the field of uroradiology. As before, the 
edition is presented in three volumes but now has 20 chap- 
ters and runs to no fewer than 2250 pages. Approximately 
two thirds of the edition comprises the atlas which is in- 
corporated in suitable positions among the text. There are 
three new chapters; Renal mass puncture and percutaneous 
translumbar pyelography; Techniques and applications of 
sonography and computed tomography which represents a 
logical juxtaposition of these two techniques; Renal failure 
and renal parenchymal disease. The atlas constitutes argu- 
ably the best collection of illustrations of the normal and 
abnormal radiological appearances of the urinary tract avail- 
able anywhere. Some of the newly included grey scale ultra- 
sound illustrations and a few of the CT images are not up to 
the otherwise uniformly excellent standard. This must 
reflect the early stages of the development of these tech- 
niques and doubtless this minor shortfall will be corrected in 
future editions. The legends to all the illustrations are in 
themselves self-sufficient and allow for rapid reference to 
problems that present in day-to-day practice. 

Virtually every condition is properly illustrated and the 
editors have not hesitated in requesting suitable examples 
from other experts. The text is presented in a logical order 
and successfully provides a basic reading for the beginner 
and a ready source of reference to the experienced prac- 
titioner. There are abundant well-selected references at the 
end of each chapter with, when relevant, additional sug- 
gestions for further reading and research. The text does tend 
to present as many problems as it solves but this reflects the 
intriguing character of the whole subject. 

The editors are to be congratulated in maintaining the 
high standard of the previous editions and in appropriately 
reflecting the many and rapid advances in the subject. This 
edition should be present in all departments of radiology and 
available to all students of the subject. 


Jonn ROYLANCE. 
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Part |: selective determination of trabecular bone density and other 
bone mineral parameters. Normal values in children and adults.* 
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8044 Zurich, Switzerland 
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ABSTRACT 

Gamma-ray computed tomography (y-ray CT), using a 
special purpose scanner, enables in-vivo quantitative analysis 
of bone mineralization. ‘Trabecular bone density (TBD), the 
relative amount of compact bone (bone density, BD) and 
the total absorption (TA) for a cross-section of the radius are 
determined from measurements of local linear absorption 
coefficients, A preliminary study of normal children (n= 49) 
and adults (n= 34) indicated that TBD is independent of age 
and sex in the age range 4 to 40 years. DB remains con- 
stant throughout childhood but increases after puberty in 
both women and men. TA is higher for adults than for 
children, and also higher for men than for women. A correla- 
tion between ‘TA and parameters relating to body size indi- 
cates a relationship between body weight and bone mass, 


The method of photon absorptiometry (Cameron 
and Sorenson, 1963) is widely used for in vivo assess- 
ment of the mineralization of long bones. However, 
the resolution and the sensitivity of this technique 
do not permit the measurement of small changes in 
mineralization which may possibly occur during a 
period of weeks or months. A new measurement 
technique having greatly improved resolution and 
sensitivity in the measurement of bone mass has 
recently been described (Ruegsegger et al., 1974; 
Ruegsegger et al., 1976). This technique is based on 
gamma-ray computed tomography (y-ray CT) and 
it has been applied to measurements of bone mineral 
distribution in the radius of normal children and 
adults. The radius lends itself particularly well to 
y-ray CT since it is easily accessible; also, the meta- 
phvseal region contains much trabecular bone, 
whereas the diaphyseal portion is a relatively uniform 
shaft of compact bone. Though the mineral content 
of the radius does not necessarily reflect the mineral 
content of other parts of the skeleton, there is evi- 
* This work was presented, in part, at the Joint Meeting of 
the European Society for Paediatric Research, European 
Society for Paediatric Endocrinology, and Working Group 
for Mineral Metabolism, Rotterdam, Netherlands, June 
1976 (abstract published in Paediatric Research, Exner et al., 
1976) and at the 6ist Annual Meeting of the Federation of 
American Societies for Experimental Biology, Chicago, HL, 
April 1977 (abstract published in Federation Proceedings, 
Elsasser and Exner, 1977} 
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dence in many metabolic bone diseases that similar 
changes take place at different sites of the skeleton. 
Quantitative comparisons of bone mineral content at 
different skeletal sites have been made, e.g. by 
Burckhardt (1954) who determined the specific 
weights of trabecular bone in vertebrae and in long 
bones; by Meema (1973) who correlated the cortical 
thickness of the radius with multiple spinal com- 
pressions, and by Cohn et al. (1973) who related 
mineral content of the radial bone to total-body 
calcium. 

In the present report normal values for size and 
mineralization of the radius as obtained by y-ray CT 
are presented. 

The importance of the interrelation between tra- 
becular bone density and relative amount of cortical 
bone will be discussed in relation to metabolic bone 
diseases in a subsequent publication (Part I). 


MATERIALS AND METHODS 

Instrumentation 

The y-ray CT instrumentation and the analytical 
image reconstruction procedures have been previ- 
ously described (Ruegsegger et al., 1974; Ruegsegger 
et al., 1976; Elsasser, 1977). The distribution of 
local linear absorption coefficients in a cross-section 
of the radius is determined by 1251 y-ray CT and is 
interpreted as being equivalent to the bone density 
distribution. Visual inspection of the cross-sectional 
image which is obtained for example by representing 
the density in terms of a gray scale, or colour-coding, 
yields no more than a qualitative impression of the 
density distribution. For a quantitative analysis of 
bone density one has to use the computed density 
values of each picture element (Fig. 1). However, in 
this analytical process the surrounding soft tissue is 
disregarded, and thus the mean value of the linear 
absorption coefficient for all picture elements within 
the cross-section of the radius is also the mean linear 
absorption coefficient of the total bone cross-section. 
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X ray with wires indicating the standard measuring sites and corresponding digital tomograms on the left. Evaluation of the 
cross-sections of the radius on the right. Normal man, 32 years old. 
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Distribution of TBD and BD according to age and sex. 
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Fic. 3, 
Correlation between TBD and BD in children and adults. 


Subjects and measuring sites 

All adults measured in this study were healthy 
volunteers, The children’s measurement group con- 
sists of healthy volunteers and patients from the 
Kinderspital. Patients in this group were drawn 
from both in- and out-patient populations attending 
the Childrens’ Hospital for minor surgical or medical 
problems which are not known to influence bone 
mineralization. Additionally, subjects undergoing 
_ drug therapy were excluded from the study group. 
Normative data for age, height, weight and body 
surface area for the study groups are given in Figs. 2, 
4 and 5 and Table V. Body surface area was deter- 
mined using the nomograms of Hannon and DuBois 
{cited in Crawford et al., 1950). 

Two y-ray CT bone measurements are made for 
the radius; one at 10% and one at 33% of ulna 
length measured from the styloid process. Ulna 
length is measured using a special device and is 
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defined as the largest distance between the olecranon 
and the palpable tip of the styloid process of the ulna 
when the arm is in extreme flexion (Fig. 1). To the 
present time only data for the radius have been 
analysed. In all cases y-ray CT bone measurements 
were made for the dominant arm. 


Statistical methods 

The one- and two-tailed t-tests and Hottelling’s 
t2-test were applied to data to determine the signifi- 
cance of differences in mean values. 


Definitions and abbreviations 

The parameter obtained in these bone density 
measurements is the mean linear absorption coeffi- 
cient with dimension cm-l. No correction is made 
for the y-ray absorption by soft tissue within the 
bone cross-section, and no attempt has been made to 
convert the measured bone density values to other 
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NORMAL VALUES OF BD & TBD: STATISTICAL EVALUATION 
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Fig, 4. 
Graphical representation of the statistical evaluation of the normal values of TBD and BD in all children (girls and boys) 


oY 
5% 


aged 5 to 15 years, The ellipse gives the 9 


tolerance limits; the regression function indicates the correlation between 


TBD and BD. 


dimensions (e.g. mineral content per unit bone 
volume). The following nomenclature is used: 

(1) Trabecular Bone Density (TBD) is the mean 
linear absorption coefficient for the 50% core of 
the radius at the 10° ulna length site. 

Bone Density (BD) is the mean linear absorption 
coefficient for the total cross-section of the radius 
at the 33% ulna length site. This parameter 
represents the relative amount of compact bone 
in the total cross-sectional area (=relative 
cortical area, Garn, 1970), 

Cross-Sectional Area (CA) is the total area of the 
radius at the 33% ulna length site, and has a 
dimension of cm2. 

Total absorption (TA) is the sum of all measured 
linear absorption coefficients within the bone 
cross-section multiplied by the pixel size. It has 
the dimension (lin abs coeff., cmt), (cm?)=cm. 
This parameter, which is calculated only for the 


(3) 


(4) 
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radius at the 33% ulna length site, correlates 


most closely with the mineral content of the 
bone. 
RESULTS 
In vivo reproducibility (inter-assay variability) 

Full details of our extensive study of in vive 
reproducibility, and of results we obtained in theo- 
retical modelling and in measurements on bone 
phantoms have been reported (Elsasser, 1977). 

To estimate the influence of motion artifacts 
during the five-minute scanning procedure, and the 
error associated with subject repositioning, serial 
measurements were made on a normal healthy man 
during a 50-day period. The results of this study are 
given in Table I. The smallest variation is in the 
measured TBD values (CV =-+-1.26%). The varia- 
tion in parameters measured at the 33% site are 
slightly larger (CV = -+1.62% for BD, +2.16% for 
CA and +-1.84% for TA). 
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TABLE I 


REPRODUCIBILITY IN VIVO (INTER-ASSAY VARIABILITY): VALUES OF TBD, CA, BD, anp TA IN TEN CONSECUTIVE 
MEASUREMENTS DURING A PERIOD OF 50 DAYS IN A NORMAL HEALTHY MAN, 32 YEARS OLD. 























CA (em?) BD (cm~}) TA (cm) 
1.665 4.0.036 2.405 4-0.039 | 4.010 -0.074 
2.16 1.62 | 1.84 
1.60-1.71 3.87-4.10 


2.33-2.47 | 
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Fre. 5. 
Correlation between CA and body height in male and female 
subjects, ‘The lines are calculated regression functions for 
girls and boys below the age of 15 years, as given in Table HI 


‘The explanation for the smaller error at the 10% 
site is that, at this site, TBD changes only a little 
with increasing distance from the styloid process and 
is rather homogenous throughout the cross-section 
(Elsasser, 1977). Thus, slight movements during the 
measurement, or a repositioning error, influences the 
result much less than is the case for the determina- 


tion of BD, CA and TA at the 33% measurement 
site. 


Differences between right and left arms 

In our study, with only a small number of sub- 
jects, the left-right differences in TBD and BD 
generally do not reflect a dominant side (Table II). 
However, TA is significantly lower (p < 0.05) in the 
non-dominant arm (Table If), reflecting the smaller 
size of the non-dominant radius. The difference in 
CA between dominant and non-dominant arm is not 
statistically significant. However, there is a tendency 
for CA to be smaller in the non-dominant arm, and 
lack of statistical significance may be due to the 
greater inter-assay variability for this parameter. 


Trabecular bone density (TBD) 
The wide distribution of the TBD values as a 
function of age is shown in Fig. 2. There is no 


below 15 years (r=0.076, r==0.039 respectively), or 
in adults. Using pooled data for the different age and 
sex groups no significant differences between any 
pair of mean values were found (‘Table IV). 


Bone density (BD) 

A considerable variability in BD is also seen in all 
age groups. It can be seen in Fig. 2 that BD is higher 
for adults than for children and higher for men than 
for women. 

It appears that this increase in BD takes place at 
some time during or after puberty. Due to a lack of 
data on pubertal stage and bone age in our measure- 
ment group, children aged up to 15 years were con- 
sidered together as one group and adults over 21 
years as the other. Within each of these age groups 
there is no correlation of BD with age, regardless of 
sex; r==0.026 for boys 5 to 15 years, and r=0.116 for 
girls 6 to 15 years. If the pooled data of these groups 
(Table IV) are compared statistically, significant 
differences (p< 0.001) are found in BD between girls 
and women, girls and men, boys and women and 
boys and men. No differences exist between boys 
and girls or men and women. 
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TABLE If 
DIFFERENCES BETWEEN TBD, CA, BD, anp TA OF LEFT AND RIGHT AND DOMINANT AND NON-DOMINANT RADIUS 























Deviation of left from right Deviation of non-dominant from dominant 
TBD TBD CA BD Ta 
Number of subjects 19 14 10 10 10 
examined 
Mean+SD (®%)* +0.67 +3.81 -+0.57 +4.08 — 3.32 +8.31 -+0.57 +6.69 -4,21 4.66 
Range (2o)* | _ 5.77-+-8.00 ~$.00-+ 7.5 --- 18.80- + 7.35 -9.09-9.77 43.75-44.17 
Pt NS NS NS NS < 9.05 | 











*The values given are the °;,-deviations. 
+P-values from the one-tailed t-test. 


TABLE IH 
REGRESSION STATISTICS FOR THE CORRELATION BETWEEN CA (=y) AND BODY SIZE PARAMETERS (== x) 





















Girls Boys Women Men 
Aged 6 to 15 years Aged 5 to 15 years Aged 21 to 53 years Aged 23 to 39 years 
22 subjects 27 subjects 18 subjects 16 subjects 
Body wi eight (kg) y =. 015x -0.219 4 =0.016x + 0.227 == 0.012% +0. 360 y= 0. O10x-= 0. 680 
r=0.847 P< 0.001 r=0.940 P< 0.001 a0, 538 P< 0.02 0.488 is 0.05 
Height Pa y ar 892x —0.548 yell -0.855 y=0.260x4 0. 594 
r=0.883 P<0.001 r=0.9 ont TPTI r=0.112 NS 
Body sürate area (m?) y =0.634x -0.014 =().787x 0. 126 y= 0.596x + 0.063 y=0.516x +0. 424 
r=0.879 P<0.001 =0.954 P< 0.001 r=0.455 NS r= 0,425 NS 




















r= correlation coefficient. In each group all calculations were made on the same subjects. 


TABLE IV 
Norma vaiurs or TBD, BD, anp TA WITHIN DIFFERENT AGE GROUPS 


























Girls Boys Women Men 
Aged 6 to 15 years Aged 5 to 15 years Aged 21 to 53 years Aged 23 to 49 vears 

TBD ens) i 
Number of subjects 22 27 19 35 
Mean +SD 0.738 4-0.087 0.724 + 0.086 0.724 + 0.089 0.790 +.0.144 
Coefficient of variation 11.85% 11.84%, 12.28% 18.25%, 
Range 0. 58-0. 91 0.59-0.87 0.53-0.93 0.57-1.04 
BD (cm) 
Number of subjects 22 27 18 25 
Mean +- SD 1.979 -0.163 1.955 =.0.124 2.319 +0.215 2.284 -0.199 
Coefficient of variation 8.26%% 6.34% 9.25%, 8.70% 
Range 1.64-2.25 1.70-2.18 1.82-2.71 1.91~ BA 66 
TA (cm) 
Number of subjects 22 27 18 24* 
Mean +SD 1.493 +.0.388 1.581 +0.471 2.377 +0.170 3.260 -0,433 
Coefficient of variation 25, 98%, 29.82%, 717% 13.27% 
Range 0.893-2. 183 0.903-2.412 2.074-2.646 2.4834. 194 








*Aged 23 to 39 years. 
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Correlation between trabecular bone density (TBD) 
and bone density (BD) 

Because of the considerable variation in both 
‘TBD and BD in normal subjects, and the difficulty in 
establishing limits for parameter values in pathologic 
states, we have investigated possible correlations 
between TBD and BD, Figures 3 and 4 indicate 
that there are identifiable areas in the TBD/BD 
plane for normal children and adults, A linear cor- 


is found for children. The distributions of the values 
for the different age groups have been compared 
using Hottellings t®-test. A highly significant differ- 
ence between children and adults (p< 0.001) was 
found, but no significant differences between girls 
and boys below the age of 15 years or between 
women and men. 


Cross-sectional area (CA) of the radius at the 
33%, ulna length site 

Figure 5 shows the correlation between CA and 
body height in children and adults. The regression 
lines for boys and girls are not significantly different 
from each other. Figure 6 shows CA in relation to 
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Correlation between TA and body weight, and between CA 
and body weight in children below the age of 15 years and 
adults, as given in Tables IH and VI. 
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body weight for children and for adults. The analytic 
expressions for the regression lines in Figs. 5 and 6 
are given in Table III. There are no significant 
differences between boys and girls, but a highly 
significant difference between women and men 
(p< 9.001). In relation to body height and weight 
CA is higher for men than for women. But since 
height and weight distributions are not the same for 
both sexes it cannot be determined whether this is 
due to the different statures or other sex-specific 
influences. 


Total absorption (TA) of the radius at the 33%, 
ulna length site 

The distribution of TA values with age is shown 
in Fig. 7. Pooled data for the different age groups are 
summarized in Table IV. The variability in TA is 
particularly high for the children’s groups due to the 
large differences in body size. The mean values of 
TA for men and for women are significantly different 
(p< 0.001). Correlations between TA and anthro- 
pometric data have been made for each of the four 
subject groups. The regression functions and correla- 
tion coefficients for TA versus body height, body 
weight and body surface area are given in Table VI. 
The quotients of TA divided by each of these body 
size parameters have also been computed (Table V). 
In children there is a high correlation between TA 
and all body-size parameters, especially the body 
surface area (Table VI). In adults TA correlates 
best with body weight for both women and men, 
followed by body surface area. The correlation be- 
tween TA and body height is low and not sex 
dependent. The distribution of TA versus body 
weight, and the corresponding regression lines for 
the different sex and age groups, are shown in Fig. 6. 
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Distribution of TA according to age and sex. 
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TABLE V 


DISTRIBUTION OF BODY SIZE PARAMETERS AND THEIR RELATIONS TO TA 





Girls 
Aged 6 to 15 years 
22 subjects 


Boys 
Aged 5 to 15 years 
27 subjects 
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Women 
Aged 21 to 53 years 
18 subjects 


Men 
Aged 23 to 39 vears 
16 subjects 





Body surface area (m?) 





Mean +- SD 1.194 -0.256 1.197 40.310 1.613 +:0.093 1.844 40.139 
Coefficient of variation 21.45% 25.90% 5.80% 7.519% 
Range 0.87-1.72 0.77-2.01 1.47-1.80 1.60-2.10 
Body weight (kg) 

Mean +SD 35.18 + 10.50 36.25 + 14.79 57.14 5.7 69.1 48.2 
Coefficient of variation 29.85%, 40.79%, 9.90% 11.28% 
Range 22.0--57.8 18.5-77.0 49-68 59-84 





Body height (m) 
Mean +SD 


1.448 +0.183 


1.428 +-0.199 


1.650 +.0.053 


1.783 +-0.079 











Coefficient of variation 12.64%, 13.94%, 3.20%, 4.43 
Range 1.22-1.82 1.10-1.88 1.58-1.72 1.61-1.93 
TA: body surface area 

(cm)(m ~*) 

Mean -+SD 1.243 -+-0.132 1.312+0.141 1.468 +-0.105 1.691 +0.169 
Coefficient of variation 10.62% 10.75% 7.19% 10.028; 
Range 1.015-1.466 1.048-1.592 1.360—1.730 1.364-1.979 
TA: body weight (cm) 

(kg~1)(10~%) 

Mean +SD 42.98 + 4.30 45.354 6.93 41.604. 3.72 45.06 4.70 
Coefficient of variation 10.00%, 15.28% 8.94% 10.43%, 
Range 34.34-57.73 36.24-53.68 


36.09-52.64 


36.98-50.87 





TA: body height (D 
ol 


(m 

Mean +SD 

Coefficient of variation 
Range 





1.018 +-0.167 
16.40% 
0.726-1.326 


1.087 0,192 
17.66% 
0.778-1.498 





1.433 +-0.108 
7.50% 
1.272-1.592 


1.741 40.179 
10.22%, 
1.417~2.259 








In each group all calculations were made on the same subjects. 


TABLE VI 


REGRESSION STATISTICS FOR THE CORRELATION BETWEEN TA (=y) AND BODY SIZE PARAMETERS (=x) 


| Girls 





Aged 6 to 15 years 
22 subjects 


Boys 
Aged 5 to 15 years 
| 27 subjects 








Women 
Aged 21 to 53 years 
18 subjects 


Men 
Aged 23 to 39 years 
16 subjects 





Body weight (kg) 


r=0.933 P<0.001 


y=0,030x+0.511 
r=0.926 P < 0.001 


y= 0.015x-+ 1.512 
7=0.505 P< 0.03 





| Body height (m) 


y=1.845x— 1.180 
7=0.871 P<0.001 


y=2.186x -1.540 
r=0.923 P < 0.001 


y=0.242x + 1.964 
z=0.077 NS 


z=0.400 NS 





3 baa 
Body surface area (m?) 








y= 1.392x —0.170 
r=0.919 P<0.001 





y= 1.436x - 0.138 


7 =0.944 P < 0.001 


y=0.743x + 1.165 
y=0421 NS 





y= 1.253x + 0.803 





aud 





y =correlation coefficient. In each group all calculations were made on the same subjects. 


For girls and boys < 15 years the regression lines for 
TA versus all body size parameters do not differ 
statistically. For adults the regression lines TA 
versus body weight are significantly different be- 


PQ 
l i: 


alone. 
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tween women and men (p< 0.001). Since BD, CA 
and TA are directly related the higher TA values in 
men cannot be attributed to sex specific influences 
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Discussion 

Non-invasive, selective in vivo measurements of 
trabecular bone density have only recently been 
developed (Ruegsegger et al, 1976; Exner et al., 
1976; Elsasser and Exner, 1977). In contrast with all 
other reported measurements of bone density using 
the photon absorption technique the y-ray CT- 
method provides precise measurements of TBD since 
the true cross-sectional area of the bone is obtained 
rather than a rough estimate as in other techniques 
(e.g. Mazzess and Cameron, 1972; Boerner ef al., 
1972). 

The absorption in bone of y rays from a 15] 
source reflects the mineral content of the bone 
{Boerner et al., 1972; Cameron et al., 1968), but it 
also depends on mineral composition (Rassow, 1974). 
We have, therefore, not converted the measured 
linear absorption coefficients into other units, such 
as amount of mineral per unit bone volume, since 
such conversions imply an identical composition of 
the bone mineral. In addition, determination of the 
absolute absorption coefficients of the non-mineral- 
ized components within the bone cross-section 
measured are required. Even though the variations 
in mineral composition, and in the non-mineralized 
components of the bone might be small in the normal 
this cannot be assumed to be true for pathological 
conditions. 

In the present study no correction has been made 
for the absorption of y rays by bone marrow 
(average linear abs coeff ~0.35 cmt). Instead of 
determining the actual area of cortical bone and 
evaluating the true cortical bone density (which for 
methodological reasons cannot yet be done with 
sufficient accuracy in small bones), only the mean 
density of the total cross-section is determined. The 
mean density of the radius at the 33°, ulna length 
site (BD) however, correlates directly with the 
relative amount of compact bone within the cross- 
section (“relative cortical area” (Garn, 1970) ). 
From the data presented in this report it is seen that 
between the ages 5 and 15 years TBD, BD, and 
also the size of the radius in relation to body height 
and weight are independent of age. In this age group 
no sex differences exist for any of these parameters. 
When the size of the radius is considered in relation 
to body height and weight for the age groups—up to 
15 years and above 21 years-~-a definite change is 
seen for men after puberty but not for women; men 
exhibit a much larger increase in CA than women. 
The ratios between CA and body height and weight 
are about the same for women as for girls (Figs. 5 
and 6). In the present study it cannot be determined 
whether this relative increase of CA in the male takes 
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place during final growth or after the longitudina: 
growth has ceased. The latter situation appears more 
likely judging by the results shown in Fig. 5. Bone 
density (BD) increases between puberty and adult- 
hood. This can be due to an increased density of the 
cortical bone itself or to an increase in relative 
cortical area. We have assumed that it is due to 
increased cortical area, since it is known from many 
studies on metacarpals (e.g. Garn and Wagner, 
1969), that the relative cortical area still increases 
when the sub-periosteal apposition has ceased and 
maximum cross-sectional area has been established. 
It should be noted that BD is the same for women 
and men. 

The results shown in Figs. 3 and 4 suggest a pro- 
portionality of TBD and BD. For children this find- 
ing is supported by the regression statistics. In 
adults higher values of TBD tend likewise to be 
associated with higher values of BD. Hahn ef al. 
(1974) obtained a similar relationship between “‘com- 
pact bone mineral content” and ‘‘trabecular bone 
mineral content” on the basis of photon absorption 
measurements of the diaphyseal and metaphyseal 
bone mass of the forearm. Boerner et al. (1972) 
studied the relationship between cortical thickness 
and estimated trabecular bone density of the meta- 
carpal bones and reported similar results. However, 
neither of these two groups were actually measuring 
trabecular and compact bone mass or density 
separately. 

Measurements of total absorption have been the 
basis of many investigations of bone mineral content 
(e.g. Mazzess and Cameron, 1971; 1972; Boerner 
et al., 1972). The increase of bone mineral content 
with growth, and its large variability, make it more 
difficult to identify abnormal states of mineralization 
in children than in adults. To overcome this diff- 
culty, Mazzess and Cameron (1971) correlated the 
bone mass with body size, but only with height and 
weight separately and only in children 6 to 14 years 
old. It is not surprising that both these parameters 
give a good correlation with bone mass since both are 
highly inter-related. Our regression statistics on TA, 
and its relation to height, body weight and body 
surface area, show high correlation coefficients for 
each of these parameters. It is uncertain whether 
weight or height plays the more important role with 
regard to TA and we therefore recommend the use 
of surface area as reference parameter in order to 
minimize false interpretation, especially in cases of 
abnormal body weight. 

In adults, where CA and TA correlate best with 
body weight, no significant correlation with height 
is observed. Weight therefore seems to be the 
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determining factor for the bone mass of the radius in 
adults. This result is somewhat surprising since 
physical activity would be expected to have a strong 
influence on bone mass, yet, in our subjects, higher 
weight was certainly not related to more physical 
activity. However, the differences between the dom- 
inant and non-dominant humerus in the study of 
Watson (1973), and in the radius in our series, 
suggest a positive influence of physical activity on 
bone size and mass. 
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ABSTRACT 
"The method of gamma-ray computed tomography (y-ray 
CT) bone densitometry described in the preceding article 
provides selective determination of trabecular bone density 
(TBD), the relative amount of compact bone (bone density, 
BD), and the total absorption (TA) within a bone cross 
section, Seven of nine children with chronic renal failure 
CRF), and selected only on the basis of their serum 
creatinine value (> § mg/100 ml), had increased TBD values 
above the normal range, whereas the other bone mineral 
poemen were normal. Radiographic signs of secondary 
hyperparathyroidism (subperiosteal erosions, cysts) were 
reported in the five patients with the highest TBD values, 
whereas the subjective diagnosis of osteosclerosis reported in 
three of these five and in one other patient correlated less 
well with the TBD increases. However, this is the first 
» report of an objective, non-invasive documentation of the 
radiological finding of osteosclerosis in CRF. It also explains 
why methods for bone mineral measurements used previ- 
ously, such as a photon absorptiometry which provides only 
a parameter equivalent to TA, failed to reveal increases in 
bone mineral content in renal osteodystrophy even when 
signs of osteosclerosis were present. Thus, y-ray CT helps 
to document objectively the degree of osteosclerosis and its 
location, 


Renal osteodystrophy is a term used to describe 
skeletal abnormalities associated with chronic renal 
insufficiency. These abnormalities include rickets, 
osteomalacia, osteosclerosis, metastatic calcifications 
and osteitis fibrosa cystica all of which involve im- 
paired bone metabolism and disturbed mineral- 
ization (e.g. Kleeman et al, 1970; Resnick and 
Niwayama, 1976). Several non-invasive methods of 
bone mineral analysis are available (e.g. radiological 
surveys, photon absorptiometry, m vivo neutron 
activation analysis), and these have been widely used 
for the study of renal osteodystrophy (Resnick and 
Niwayama, 1976; Crawford et al., 1954; Zimmer- 
man, 1962: Haust et al., 1964; Johnson et al., 1967; 
Cohen et al., 1970; Meema et al., 1972; Cohn et al., 
1973; Dalen and Alvestrand, 1973; Griffiths and 
Zimmerman, 1973; Genant et al, 1975; Campos 
et al, 1976; Overton et al., 1976; Harrison et al., 





#This work was presented, in part, at the 14th Annual Meet- 
ing of the European Society of Paediatric Radiology, 
Lucerne, Switzerland, May 1977. 
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1977; Ferran et al., 1977). However, none of these 
methods give information concerning the mineral 
distribution within the bone nor do they permit a 
differentiation between compact and trabecular bone. 


PATIENTS AND METHODS 
Patients 

All patients with chronic renal failure and a serum 
creatinine above 5.0 mg/100 ml and not on dialysis, 
who attended the Kinderspital, Zurich during the 
period from December 1975 to January 1977, were 
informed about the study and were asked to par- 
ticipate. Nine patients satisfying the selection 
criteria were subsequently measured using the y-ray 
CT-technique. Serum analyses and X rays were 
made independently from this study. 

Data on these patients, including diagnosis, pro- 
gression of renal failure, treatment, and serum 
analyses at the time of the measurements, are given 
in Table I. Data on height and weight are included 
in Table II. 


Bone densitometry 

Determinations of bone density (BD), cross- 
sectional area (CA) and total absorption (TA) of the 
radius of the dominant arm were made as described 
in Part I. The quantification of trabecular bone 
density (TBD) of the radius at 10% ulna length in 
three patients (Nos. 1, 5, 8) had to be based on a core 
smaller than the usual 50% of the cross-sectional 
area of the radius since their cortical bone area 
exceeded 50%. This situation has not been encoun- 
tered so far in the normal child or adult. 


Evaluation of X rays 

Bone age was determined according to Greulich 
and Pyle (1950). Subperiosteal diameter (T) and 
cortical width (C) of the second metacarpal were 
measured according to Garn (1970). For the diag- 
nosis of signs of osteitis fibrosa cystica, of rickets and 
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TABLE II 


BODY SIZE AND BONE MINERAL PARAMETERS 
OF THE PATIENTS PRESENTED IN TABLE I 






























i 
CA BD TA:SA 
em? |} em | emim? 
1 0.44) 1.67 1.097 
2 0.58 | 1.86 1.068 
3 0.65 | 1.95 1.093 
4 0.67 | 2.29 1.421 
5 0.64} 1.89 1.301 
6 0.87 | 2.10 1.334 
a 0.67} 1.91 1.084 
8 0.75) 1.97 1.303 
9 0.751 1.90 1250 3 
Mean 1.95 1.217 
+SD +0.17 |4-0,133 








Normal values of boys and girls 5 to 15 years, n=49 


1.97 | 1.281 
+0.14 |+0,140 











*Pt-patient; Ht-body height; Wt-body weight; SA~body 
surface area. P-values from the two-tailed t-test indicate 
that TBD is significantly increased in children with chronic 
renal failure, whereas the other bone mineral parameters are 
normal. 


the presence of osteosclerosis the X rays of the hand 
and wrist were examined by a paediatric radiologist 
who had no knowledge of the results of the bone 
densitometry. 


Serum analyses 

Calcium was determined by atomic absorption 
(9.0 to 11.0 mg/100 ml), phosphorous according to 
Itaya and Ui (1966) (4.0 to 6.0 mg/100 ml), creatinine 
according to Devries and van Daetselaar (1955) (0.2 
to 1.0 mg/100 ml), and alkaline phosphatase activity 
using the kit Art. 1020 of the F. Hoffmann-La 
Roche & Co. AG Diagnostics, Basel, Switzerland 
(30 to 140 IU). Protein was measured by the biuret 
method (6.0 to 7.5 mg/100 ml). The values in 
parentheses are considered normal for the age group 
of our patients. 


Statistical analyses 

Since most patients had small stature, metacarpal 
bone measurements were evaluated in relation to 
body height in terms of the standard deviation score 
(SDS). The SDS of T and C for chronological age 
were determined using the normal values given by 
Garn (1970) while the SDS of height for chrono- 


logical age were determined on the basis of values 
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from a longitudinal growth study in Zurich.* We are 
aware of the problems inherent in comparisons of 
data obtained from different populations, but we 
nevertheless wish to provide information which per- 








*in preparation. 
TABLE IH 


EVALUATION OF THE X RAYS OF THE HAND AND WRIST 

















OF THE PATIENTS PRESENTED IN TABLE I 
np 
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mits a preliminary comparison between the con- 
ventional methods of the analysis of the hand and 
wrist X rays and those of bone densitometry of the 
radius. 

For statistical analysis of differences observed the 
one-tailed and two-tailed t-test and Hotteling’s t?- 
test have been used. 


RESULTS 

Bone densitometry 

The results of the bone densitometry are pre- 
sented in Table I and Fig. 1. When the TBD values 
of patients with chronic renal failure are compared 
with those of normal children (see Part I) the differ- 
ence is highly significant (p< 0.001). If TBD is 
considered in relation to BD, all but two (Nos. 8 and 
9) of the patients are clearly above the normal range 
(Fig. 1). This observation is corroberated by the t?- 
test when TBD and BD distributions are compared 
between patients and normal children (p < 0.001). 
With regard to BD, CA in relation to body height 


o giris 
á boys 


20 22 24 


BD: Bone Density [lin abs coeff, cm~] 





Fig. 1. 
Values of TBD and BD of children with chronic renal failure. The ellipse gives the 
93% tolerance limits for normal children aged five to 15 years. 
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TABLE IV 


EVALUATION OF THE SUBPERIOSTEAL DIAMETER (T) AND OF THE CORTICAL WIDTH (C) 
OF THE SECOND METACARPAL BONE 


























T c 
P | SDSHt | mm | SDST |SDST-SDSHt| mm |SDSC| SDSC-SDSHt | SDS C-SDS T 
Tae | eae si | 17 | +0.1 21 | -19 0.1 

2 23 6.9 0.6 447 34 | 12 +1 
3 2.0 6.6 94 “04 34 | 24 04 
4 5.3 6.1 27 -2.5 37 | 21 43.1 
5 39 63 | = 27 12 35 lies 20 19 
6 -31 65 3.0 0.0 32 eet on | + 0.1 
7 3/5 6.9 -14 2.0 35 | —25 +1.0 
8 03 6.9 0:8 11 35 | -ro 13 
9 | 4 10 6.5 0.5 405 45° boos: Wl. 2 15 
M 2.28 4.77 0.50 1.84 “0.44 
a L198 +0.99 141 -0.79 1.50 

Pt <0.005 | <0.001 NS <0.001 NS 























*Pt-patient, SDS~standard deviation score, Ht-body height, T-subperiosteal diameter, C-cortical width. 

{P-value from the single tailed t test. . 

ŠDS-calculations indicate a normal size of the second metacarpal bone in relation to body height and a normal correlation 
between T and C. 


and TA in relation to body surface area, no differ- our knowledge, the first in vivo verification of radio- 
ences are found between patients and normal graphic findings of osteosclerosis as increases in 
children. trabecular bone density. The possible occurrence of 
osteosclerosis in uraemia is well accepted, but its 
reported incidence varies from zero (Johnson et al., 
1967) to 41% (Harrison et al., 1977). Non-invasive 
methods for bone mineral determination used 
previously (photon absorptiometry) are not suffic- 
iently sensitive to detect ‘TA changes in bone mineral 
due to increases in TBD since they yield only para- 
meters equivalent to TA. This may explain why such 


X-ray analyses 

The X-ray findings are summarized in Table II. 
Subperiosteal erosions and/or bone cysts were 
present in five patients, signs of rickets in three and 
signs of osteosclerosis in four. Values of T and C are 
shown in Table IV. All values are below normal 
relative to chronological age, but from comparison of 
the SDSs it is evident that, on average, all patients : : h à á 
have normal correlations between T, C and body techniques failed to reveal increases in bone mineral 


height. The normal correlation between C and T, content (e.g. Griffiths and Zimmerman, 1973; 
with SDS-differences never exceeding —1.0 and Overton et al., 1976) even when radiographic signs 
--0.7, should be noted especially. of osteosclerosis were present (Genant et al., 1975). 


Radiographic measurements of cortical thickness or 
cortical area in the metacarpals of patients with 
anes ia à : uremic osteosclerosis showed either normal (Meema 
in Table I. Creatinine was above 5.0 mg/100 ml In et al., 1972) or reduced values (Cohen et al., 1970). 
all patients. Serum phosphorous tends to be higher The lack of precision in the radiographic identifi- 
and calcium lower than normal. With the exception cation criteria for osteosclerosis and osteoporosis 
of patient No. 2 alkaline phosphatase activity was may explain the discrepancy between the con- 
high in all patients with signs of osteitis fibrosa ventional X-ray diagnosis and the results of y-ray CT 
cystica (subperiosteal erosions and/or bone cysts). In in our patients. An experienced radiologist diagnosed 
patient No. 7 alkaline phosphatase activity was in- osteosclerosis in four cases, while the other five he 
creased without signs of osteitis fibrosa cystica. considered as normally mineralized or as being on 
Protein was in the normal range in all patients. the high normal side. In addition, radiographic 
DISCUSSION evaluations of the second metacarpal of our patients 

The y-ray CT measurements clearly show an in- never showed very high or low C in comparison with 
creased density of the trabecular bone of the radius T. All parameters except TBD measured by y-ray 
in seven of nine children with chronic renal failure. CT on the radius were normal. Admittedly no ai 
These trabecular bone density measurements are, to is given that long bones of the hand behave similarly 
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Serum analyses 
The results of the serum analyses are summarized 
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to the radius with respect to mineralization, but it 
can be assumed from the similarities in anatomy and 
from the measurements of Boerner et al., (1972) that 
they do. 

An explanation for the TBD increase cannot as yet 
be given. We do not have enough information on 
whether TBD increases generally with protracted 
renal failure in children, or whether it depends on 
the disease causing uraemia (only two of the patients 
did not suffer from congenital renal malformations). 
Secondary hyperparathyroidism might play an im- 
portant role, though not all patients had symptoms 
commonly attributed to this condition, such as 
elevated alkaline phosphatase activity and osteitis 
fibrosa cystica. Although we do not care to add to the 
theories regarding the relationship between uraemic 
osteodystrophy, parathyroid hormone activity and 
vitamin D metabolism {Cohen et al., 1970; Gen- 
ant et al, 1975; Overton et al., 1976; Reeve et 
al, 1976; Labarrere and Mautalen, 1976), it is in- 
teresting to note that in two of our patients (Nos. 2 
and 4) treatment with 1.25 (OH) cholecalciferol 
{1 wg daily during five months) resulted in a normal- 
ization of the serum alkaline phosphatase activity 
and a complete remission of the radiological signs of 
osteitis fibrosa cystica. However, no significant 
changes of TBD, BD or TA were seen. Also, chronic 
haemodialysis did not result in significant changes 
after five and seven months in patients Nos. 3 and 8 
respectively, This suggests that the different 
skeletal abnormalities occurring with chronic renal 
insufficiency may be caused by different events and 
may exist independently from each other. This also 
shows that it is necessary to study each parameter 
separately with the appropriate method for the 
question considered, 
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ABSTRACT 

A mechanical real-time ultrasonic scanner utilizing a 
rotating transducer head has been successfully applied 
clinically to visualize the heart and abdomen. The design 
features of this scanner are discussed. The small dimensions 
and the 90° field of view of the sealed oil-filled transducer 
head optimize visualization of the heart avoiding bone and 
lung. The single point of entry aspect of this scanner results 
in a good field of view from any point on the abdominal 
surface. For example, in upper abdominal studies the liver 
and kidney can be readily viewed. Rapid and thorough 
searching of the abdomen is easily carried out and good 
quality selected sections can be captured by optimizing 
frame rate and angle of view. In obstetrical applications the 
complete mature fetus can be visualized using the alternative 
large 180° field of view. 


Real-time ultrasonic imaging allows visualization of 
dynamic structures and removes patient movement 
artifacts while scanning through static structures. 
The ultrasonic beam is rapidly moved by mechani- 
cal or electronic means to form the real-time images. 
This paper describes a mechanical real-time scanner 
which has been designed to overcome the anatomical 
problems encountered in clinical applications. By 
rotating standard transducers through a chosen 
sector, images are formed using a constant well 
defined beam shape at all angles in that sector. 

Oscillating mechanical scanners have been de- 
veloped for real-time echocardiography (Griffith and 
Henry, 1974; Flaherty et al., 1967; McDicken et al., 
1974). A rotating transducer scanner in which the 
transducers are swept across the skin surface has 
been developed primarily for scanning the abdomen 
(Holm et al., 1975). A rotating transducer scanner 
has also found application in visualizing superficial 
blood vessels. In this assembly the transducers are 
coupled to the patient’s skin via a water bath 
(Barber et al., 1974). Electronic real-time scanners 
take the form of linear arrays or phased arrays (Bom 
et al., 1971; Kisslo et al., 1976; Somer, 1968; Von 
Ramm and Thurstone, 1976), Electronic scanners 
have the advantage of having no moving parts. 
Ultrasonic access to the patient is often limited when 
linear arrays are employed due to gas, bone and 
difficulty in coupling to curved body surfaces. At 
present phased arrays are expensive and have a 
limited field of view. 


Although the scanner described here is well 
suited to visualization of the abdomen it was 
initially designed for cardiac studies. A small point 
of entry device was desirable to avoid ribs, sternum 
and lung interfering with the ultrasonic beam while 
giving the freedom to visualize more than one plane 
of view simultaneously using multiple scanners, The 
restricted dimensions also allow two or more scan- 
ners to be used at adjacent intercostal spaces. It also 
retains the flexibility of scanning of a single trans- 
ducer which has been used successfully in cardiac 
T-M mode scanning. The rotating transducer has 
been used successfully in cardiology, obstetrics and 
general abdominal scanning. 


DESCRIPTION 

A mechanical real-time rotating scanner was 
developed after investigating the feasibility of heart 
visualization using oscillating and rotating trans- 
ducer techniques. The rotating head consists of four 
1.5 cm diameter, 2.5 MHz transducers inserted into 
a 3 cm diameter wheel. Similar transducers are used 
in static B-scanning applications and are known to 
produce high quality images. The crystal faces are 
evenly spaced round the periphery of the wheel with 
an angular separation of 90°. The wheel rotates 
within an oil filled cylindrical cavity and electrical 
coupling to the transducers is via gold slip rings and 
brushes. Acoustic coupling to the patient is main- 
tained by gel between the thin Perspex (Plexiglass) 
outer wall of the cavity and the skin. This avoids any 
moving parts coming into direct contact with the 
patient. Figure 1 shows the transducer head which 
is driven by a d.c. motor via a gearbox and belt- 
drive. The scanner is presented hand-held in Fig. 2. 

The transducers are pulsed while they pass 
through the 90° sector of the head which is in con- 
tact with the patient. A 90° sector image is produced 
each time a transducer sweeps through this sector 
and therefore the frame rate is four times the angular 
velocity of the transducer head. This is varied by 
controlling the d.c. motor speed, and frame rates up 
to approximately 40 frames per second are possible. 
The pulse repetition frequency (PRF) of the A-scan 
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Fic. 1. 


Schematic diagram of scanner components. 


transmitter is 3000 Hz and therefore at 20 frames per 
second a 90° sector image contains 150 evenly 
spaced lines. 

The angular position of the ultrasound beam is 
measured by a resolver which is driven in phase with 
the transducer head. This angular information is 
used to locate the individual lines of the image. 
Synchronization pulses are obtained from an opto- 
electronic timing device. The individual lines are 
written at the pulse repetition frequency on a gray 
scale display to generate a single sector image. These 
sectors are then refreshed at the frame rate and yield 
real-time gray scale images. 


DISCUSSION 
A 3 cm diameter wheel allows two scanners to 
operate at adjacent intercostal spaces. Preliminary 


N. McDicken, T. Anderson, R. E. 


30 


Scorgie and A. L. Muir 





Fic. 2. 


Scanner hand held. 





Fic. 3. 


Longitudinal section of the heart corresponding to frame 

eight of Fig. 4 showing left ventricle (LV), right ventricle 

(RV), left atrium (LA), aortic root (AR), anterior mitral 

leaflet (AML), aortic valve, septum and endocardium in the 
left ventricle. 


tests simulating a 1.5 cm diameter transducer 
rotating within these dimensions showed that 50° to 
80° sector images of the heart were feasible without 
rib interference. However, although sector angle is 
limited in heart visualization it need not be in other 
areas of application. If two opposing transducers are 
excited instead of four then a 180° sector is possible, 
the actual angle of view being determined by the 
acoustic contact made with the patient. Because of 
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Fic. 4. 
Series of eight successive cine frames at 1 10th second intervals showing the action of 
the longitudinal section of the heart. 


the small diameter of the sealed head this can be in 
the range 120° to 150° for abdominal scans. Depres- 
sion into the abdomen to increase contact angle does 
not mechanically load the rotating head and gel is 
not removed by any moving parts. 

Used in this mode on the abdomen a wide angle of 
view can be used to search for a specific section of 
interest with the scanning device either hand held 
or connected to the scanning arm of a conventional 


B-scan unit. The rotation speed of the transducer 
head can be adjusted to optimize frame rate and line 
density while searching. Having found a section of 
interest the operator then has the choice of the two 
or four transducer mode to optimize angle of view or 
frame rate and line density. Alternatively using a 
single slow sweep of the ultrasonic beam the scanner 
can produce a high line density image of quality 
similar to that of a conventional B-scan unit. 
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Fic. 
Longitudinal scan of upper abdomen showing liver and 
kidney. 


A T-M trace can be generated from any one line 
in the section being imaged by gating this line out of 
every frame and brightness modulating a fibre optic 
chart recorder with the echo signals. The sampling 
rate (effective PRF) of this trace is that of the frame 
rate which can be increased having selected the line 
of interest in the section of high line density. 
Alternatively the scanner can be stopped with one 
transducer in a selected direction and a conventional 
T-M record made. This provides a high quality 
T-M record due to the high pulse repetition fre- 
quency and resolution of the ultrasonic signals. 

Recording of real-time images can be achieved 
using a TV camera and video tape recorder. Instant 
playback of real-time images on a TV display is 
therefore possible and the recording material is re- 
usable. For cardiac work good quality still frames are 
required at specific parts of the cardiac cycle for 
quantitative analysis. A stop action facility which 
provides distortion free single frames is available on 
the more expensive TV systems. Real-time scan 
convertors also offer this facility and are being 
developed at present. A less expensive alternative is 
to use a cine camera synchronized with the scanner 
frame rate and to record every second ultrasonic 
frame. Alternate frames are not recorded during the 
cine film pull down time. The film is not instantly 
replayable but renders good quality still frames for 
analysis. 

The mechanical scanner described makes use of 
standard transducers which can be driven by a con- 
ventional ultrasonic unit. Therefore when interfaced 
to such a unit it can be regarded as an accessory with 
obvious cost advantages over electronic scanners 
which require a unique electronic drive. 


Fic. 6. 
Early pregnancy. Arrow indicates gestation sac containing 
fetus. 


Due to its compact sealed design the scanner is 
suitable for visualization of the heart and abdomen 
as a hand held device. Figure 3 shows a longitudinal 
section of the heart which is a single frame from the 
series of successive frames illustrated in Fig. 4. A 
view of liver and kidney is shown in Fig. 5. In 
obstetrical applications maintenance of acoustic con- 
tact with the distended abdomen presents no prob- 
lem due to the head size and therefore good large 
views are always possible. An example of a scan in 
early pregnancy is shown in Fig. 6. 

A horizontal tubular version containing a similar 
sealed transducer head has been used to monitor 
fetal heart and breathing movements (McHugh et 
al., 1978). This compact device can be strapped on 
to the abdomen once the appropriate section has 
been selected. A possible development of this format 
of device is to reduce its overall diameter and, using 
a single transducer head, achieve a 360° field of view 
for internal PPI scanning. 


CONCLUSION 

The rotating transducer scanner described has 
been successfully used in routine clinical applica- 
tions. In initial trials 50 cardiac patients have been 
thoroughly examined. The device has also been used 
on approximately 300 obstetrics cases. 

At present the large majority of real-time scanners 
commercially available are of the electronic type. 
The performance of the hand-held mechanical 
scanner described in this paper has been very accept- 
able in a range of clinical applications. This per- 
formance has resulted from the combination of the 
following design features. The use of modern stan- 
dard transducers produces high resolution images 
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and allows the device to be easily interfaced with 
conventional B-scan equipment. Rotation of the 
transducers in an oil filled chamber provides 
vibration-free coupling to the patient. The small size 
of the scanning head results in large fields of view 
from single points of entry on the skin surface. 
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f ABSTRACT 

Differences in the rate of uptake of **Te™m-diphosphonate 
were found in 20 human bone tumours investigated. As 
some tumours have a slow rate of uptake it is suggested that 
the time used for routine scintigraphy at 3 hours is not 
always optimal and a further study should be performed in 
some cases. Various degrees of tumour vascularity and 
vessel permeability were found. The rate of diphosphonate 
uptake correlates with the vascularity, while it does not 
correlate with permeability which is generally increased as 
compared to normal bone. 
Bone scintigraphy using 99Tc™-labelled phosphate 
complexes has achieved widespread use in diagnosis 
of bone lesions. It has been extensively used in 
detection of bone metastases. There are, however, 
few studies on the mechanisms involved in the up- 
take of bone-seeking agents. Most of them were 
performed in vitro or in animals—the model being 
bone fractures and rickets (Genant et al, 1974; 
Garnett et al., 1975; Siegal et al., 1976). In the pres- 
ent study we have tried to assess the factors govern- 
ing uptake of 98'Tc™-diphosphonate in human bone 
tumours. 


MATERIALS AND METHODS 
Twenty patients with bone tumours detected by 
bone scintigraphy were investigated. Patients were 
studied using 9°Tc™-diphosphonate for assessment 
of tumour uptake rate, 9Tc™-labelled red blood 
cells for tumour vascularity and 9°T'c™-pertechne- 
tate for tumour permeability (radiopharmaceuticals 
manufactured by Soreq Nuclear Research Center, 
Yavne, Israel). Labelled red blood cells were pre- 
pared from a commercial kit. In vitro and in vivo 
tagging efficiency of 97%, is achieved using this kit. 
Strict quality control of free technetium was per- 
formed by chromatography before each study and by 
looking for uptake in the thyroid and parotid gland 
at the end of each study. The same protocol was 
followed in each case and with each of the radio- 
pharmaceuticals. An early study followed the intra- 
venous injection of 15 mCi of the radiopharma- 
ceutical. Multiple views of the abnormal uptake 
were taken with an Anger-type gamma camera 
(Searle Pho Gamma IV), collecting 400000 counts 
for each view. This was followed by a similar study 
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three hours later. Data were collected and processed 
by an Elscint data processing unit (CDP1-VDP2, 
Elscint, Haifa, Israel), as described by Garnett et al. 
(1975). 
RESULTS 

The results of the measurements are summarized 
in Table I. The rate of diphosphonate uptake R was 
defined as the ratio of late to early uptake. 


L/N late 


~ LIN early 

(L/N =lesion to normal ratio) 

Table I shows that the uptake ratios of lesion to 
normal in the early diphosphonate study were signi- 
ficantly higher than the uptake ratios of lesion to 
normal for labelled red-blood cells. The Man Whit- 
ney non-parametric test showed that the values of 
diphosphonate were stochastically larger than those 
for labelled red blood cells (P==0.001). This indi- 
cates an early uptake of diphosphonate in the lesion. 
In cases 1-17 a higher rate of diphosphonate uptake 
is associated with high vascularity and vice versa. 
The Spearman rank correlation coefficient non- 
parametric test shows that the correlation between 
the rate of uptake and the lesion-to-normal ratio in 
red-blood cells is significantly negative (P=0.005). 
When patients 18-20 are included it is less signifi- 
cant (P=0.05). No correlation is found between the 
rate of uptake and blood vessel permeability studied 
by pertechnetate. The Spearman rank correlation 
coefficient non-parametric test shows that the 
correlation between lesion-to-normal ratio in per- 
technetate and the rate of diphosphonate uptake is 
not significantly different from zero (P> 0.10). 


DISCUSSION 

The accumulation of diphosphonate in new bone 
is dependant on its uptake by newly-formed collagen 
(Wiegmann et al., 1976) and hydroxyapatite crystals 
(Garnett et al., 1975). Our results indicate that there 
is a marked difference in the rate of 9°Tc™-diphos- 
phonate uptake by bone tumours of different histo- 
logical types and in different patients. The rate of 
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TABLE I 
RATE OF DIPHOSPHONATE UPTAKE, TUMOUR VASCULARITY AND VESSEL PERMEABILITY IN 20 BONE TUMOURS 
































Labelled red} Pertechne- 
Diphosphonate blood cells tate 
lesion lesion late lesion R lesion 
Early ———~ | Late——— Early = 
Diagnosis normal normal early normal normal 
(1) Metastatic follicular carcinoma of thyroid | 2.58 +0.03 2.70 40.05 1.09 +0.05 2.84 2.90 
(2) Metastatic follicular carcinoma of thyroid | 2. 3 +0.08 2.84 -+0.05 1.23 +0.04 1.90 + 3.68 
(3) Metastatic breast carcinoma 4.1 6+ 0.14 | 5.204-0.12 1,25 +0.05 1.4 1.41- 
(4) Metastatic colon carcinoma 1.45+0.06 | 2.00+0.08 | 1.38+0.08 1.05 3 1.08 - 
(5) Metastatic carcinoma of stomach 2.16 +0.06 3.27 -+0.09 1.46 +0.05 1.41 - 1.22 
(6) Metastatic breast carcinoma 2.05 +0.04 | 3.14+0.05 1.53 + 1.35 + 1.60 + 
(7) Metastatic hypernephroma 3.24-£0.08 | 5.250.143 | 1.624 1.00 + 1.744 
(8) Metastatic breast carcinoma 2.16 +-0.09 3.76 + 0.17 1.744 1.26 + 2.27 + 
(9) Metastatic carcinoma of unknown origin | 2.00+4:0.06 | 4.70+0.13 2.35 + 1.21 + 1.124 
(10) Metastatic breast carcinoma 3.64 -+0.09 | 8.89-0.32 | 2.444 1.00 + 2.13 4 
(11) Metastatic lung carcinoma 1.62 -+0.05 4.00 -+0.16 2.46 4 1.03 + 1.42 + 
(12) Metastatic breast carcinoma 1.58- +0, 05 4.02 +.0.09 2.54 1.00 + 1.05 
(13) Metastatic bladder carcinoma 1.72+0.06 | 4.44+0.16 2.58 - 1.08 + 1.66 
(14) Metastatic breast carcinoma 1.91 +0.04 5.14 +-0.13 2.68 - 1.08 4 1.55 + 
(15) Bone involvement by cylindroma 1.42+-0.07 | 3.86 40.11 2.70- 1.05 + 1.214 
(16) Metastatic breast carcinoma 1.56 +.0.03 4.65 +-0.08 2.96 - 1.04 -+ 1.23 4 
(17) Metastatic breast carcinoma 1.00 +0.02 5.28 4+-0.23 5.28 + 1.02 + 1.124 
(18) Metastatic prostate carcinoma 2.34- FO. 04 | 8.12-0.18 | 3.47- 1.38- 2.424 
(19) Metastatic follicular carcinoma of thyroid | 2.07 4-0.04 8.30 +-0.26 4.00 4 1.41- 4.90 
(20) Basal cell carcinoma involving bone 3.00 +0.04 | 14.09 4.0.20 4.69 -+ 1.64 + 3,81 4 








uptake may be slow in some tumours in which case 
the best time for scintigraphy may be later than the 
3-4 hours used routinely. This explains the useful- 
ness of 24 hour scintigraphy (Hardoff and Front, 
1978). Uptake of 9°T'c™-diphosphonate depends on 
its availability for the forming bone. Availability in 
turn is determined by the vascularity and perme- 
ability of the blood vessels supplying the tumour. 

Vascularity varied in our cases; while in some it 
was not appreciably greater in the tumour than in the 
normal bone, in others it was markedly increased. 
Our results indicate that in cases 1-17 a rapid rate of 
diphosphonate uptake was associated with higher 
vascularity. Cases 18-20 behaved differently. They 
had an extremely high vessel permeability which is 
associated with early and continuous diphosphonate 
uptake. The result is a slow rate of uptake combined 
with high vascularity. Tumour vessels were markedly 
more permeable than those of normal bone, but there 
was no significant correlation between the rate of 
uptake and the degree of permeability. 


























CONCLUSION 
Our data indicate that human metastatic bone 
tumours take up diphosphonate at different rates 
which are related to vascularity but not to vessel 
permeability. Tumour vessels are more permeable 
than those of normal bones. 
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ABSTRACT 
A series of transverse thin section NMR images of the 
living fore-arm and hand is compared with the morphology 
of corresponding cadaver sections. Each image is derived 
from the distribution of the density of mobile protons 
within the section. The contrast and spatial resolution 
achieved indicate the potential information that future 

whole-body systems could provide. 


In previous papers (Andrew et al., 1977; Hinshaw et 
al., 1978; Hinshaw et al., 1977) we have shown high- 
definition, proton nuclear magnetic resonance 
(NMR) images of various objects up to 80 mm di- 
ameter obtained on our prototype 30 MHz NMR 
imaging system described in some detail in Hin- 
shaw ef al, 1978. These were all thin section 
images consisting of a 128x128 array of picture 
elements. 

Following the successful production of cross- 
sectional NMR images of the human wrist (Hin- 
shaw et al., 1977), we have now made a systematic 
study of the thin section anatomy of the fore-arm 
and hand by NMR. Our principal objective has 
been to try to indicate the likely potential of whole- 
body imaging systems currently under construction 
and this requires a preliminary discussion of the 
factors governing spatial resolution and contrast in 
the images. 

There are grounds for expecting that NMR will 
be more than a mere alternative to conventional 
radiology and CAT scanning in displaying internal 
structure. Apart from its probable lack of hazard, it 
should prove possible to achieve a useful degree of 
tissue discrimination and characterization through 
analysis of components of the complex NMR signal. 


PRINCIPLES 
The principles of NMR imaging and of the mul- 
tiple sensitive-point method used in this work were 
outlined in Hinshaw ef al. (1978) and need not be 
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repeated here. It is however worth emphasizing that 
the image is a map of the proton NMR response in the 
defined imaging plane, and that this is not a mere 
map of proton density. 

At resonance the steady-state NMR signal from a 
volume element of a specimen, calculated from the 
Bloch equations (Hinshaw, 1976), is proportional to 

Mosin a[(71/T2-- 1) —(11/T2—1)cos a}! .. (1) 
where Mo is the equilibrium nuclear magnetization, 
a is the nutation angle of the radio frequency pulses 
and Ti, To are the longitudinal and transverse relax- 
ation times. Since Mp is proportional to the number 
density p of protons at each point in the hetero- 
geneous specimen, the NMR signal is everywhere 
proportional to p. The NMR signal is also dependent 
on the square bracket in (1), which is a function of the 
ratio (T;/T2). 

If for illustration we take a==7/2, expression (1) 
reduces to 


Moll Ti T241] EEEE ESES 
For fluids and soft tissues, within which the mole- 
cules have a rate of molecular reorientation fast 
compared with the radio frequency, it is well-known 
that 7;/T2~1, and expression (2) becomes Mo/2. If 
on the other hand the rate of molecular motion is 
slow compared with the radio frequency, as in solids 
and solid-like materials, T1/T2> 1, and (2) reduces 
to Mə(Tə/Tı). Thus the quantity in the square 
bracket in (1), or, more approximately, the ratio 
Tı/Tz, acts as a tissue contrast parameter, and ad- 
jacent tissues with the same proton density p but 
with differing (71/72) will appear with a markedly 
different NMR response in the image. Detailed in- 
formation on the relaxation properties of compo- 
nents in the object may be obtained by varying a or 
by studying the dynamic response of the NMR 
signal. 


Method used for the present work 
The experiments were carried out using the 
apparatus previously described in Hinshaw et al. 
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(1978) with the following parameters: field gradient 
strengths gx, g,~0.2.10-4 T em}, gy~1.5.10-4 T 
cml, Q~20 Hz, pulse spacing—2.5 ms, one line 
averaging time=5 s. Image formation time for all 
images shown was therefore approximately ten 
minutes. The resonance phenomenon was excited 
and observed by a purpose-built 30 MHz spectro- 
meter operating in the pulse Fourier transform 
mode. The final images consisted of 128 x 128 in- 
dependent picture elements, and were displayed ona 
Hewlett Packard variable persistence oscilloscope. 
In the absence of any convention for the sense of the 
display of NMR images, we have here adopted the 
same convention as in Hinshaw et al. (1977) which is 
opposite to that chosen in Hinshaw et al. (1978). The 
reason for this choice (where high NMR signal 
appears black) was the relative ease of reproducing 
photographically a linear grey scale. ‘The images on 
the oscilloscope screen were photographed onto 
Agfa Dia-Direct reversal film and printed on 
bromide paper, so that in the figures the highest 
NMR signal appears black. All the images were 
made with the above parameters, which were the 
optimum settings used for the particular wrist image 
shown in Hinshaw et al. (1977), although the resolu- 
tion in some of the images could certainly have been 
improved by altering the settings. 

















X 


- Z, Static magnetic field direction 


Fic. 1. 


Level of transverse NMR sections related to the skeletal 
anatomy of the left fore-arm and hand. 


RESULTS 

The lower left fore-arm and hand of one of the 
authors (GNH) was introduced into the sample 
chamber and a series of scans made in the yz or 
transverse plane. The posture of the wrist was 
largely determined by the chamber geometry. The 
exact position of the imaging plane relative to the 
wrist was difficult to determine because of the re- 
stricted space in the sample tube, and location of the 
sections was achieved indirectly as follows. 
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Section 1 through the lower fore-arm. (A) is the NMR image, 
(B) indicates the recognizable structure. (The y and z axes 
shown apply to all subsequent Figs.) 
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An X ray was taken of a cadaver hand and fore- 
arm placed over a wire mesh grid. The position of 
the grid was related to the dorsal surface of the 
specimen by marking the position of its upper and 
lower borders with an indelible pencil. The NMR 
images were studied and an identification was made 
of the bones in each section. By referring back to the 
radiograph, a series of parallel lines was drawn to 
give a matching intersection of bony elements. Cor- 
responding lines were then drawn on the surface of 
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Section 2 passing through the distal radio-ulnar joint. 
(a) is the NMR image and (B) the corresponding anatomical 
section. (C) indicates the recognizable structure. 


the specimen by relating their position to the refer- 
ence grid, Fig. 1. After deep freezing the specimen 
overnight, transverse sections were made along the 
lines and each side of the resulting slices was then 
photographed. Although scans and anatomical sec- 
tions derive from different individuals and a precise 
identification of the scan position was not possible, 
nevertheless, when the scans and anatomical sections 
were placed side by side, a very striking correspond- 
ence was seen which provided a confirmation of the 
accuracy of the initial identification of the bones 
within the sections. 

Within the sections black areas correspond to re- 
gions containing a high density of mobile protons; 
these include the bone marrow within the carpal 
bones and connective tissues particularly if con- 
taining fat. The cortex of bone, articular cartilage 
and tendons have a very low density of mobile pro- 
tons and appear white in the sections, while muscle 
and fibrous connective tissues have a granular ap- 
pearance covering a tonal range of grey shades. The 
orientations of each section relative to Cartesian 
co-ordinates were known from the experimental 
arrangements and all were viewed as if looking along 
the positive x direction (Fig. 1), so that the radial 
aspect of the hand was on the left side. A number of 
structures are common to all the sections; of these 
the bones are the most obvious and easily identifi- 
able; a rim of subcutaneous fascia forms a peripheral 
black band of variable thickness and numerous 
fascial planes are seen defining muscle bundles and 
forming an envelope in association with the flexor 
and extensor tendons. Many structures such as in- 
dividual tendons and large blood vessels could be 
identified unequivocally because of their relationship 
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Section 3 passing through the radio-carpal articulation. 
(a) is the NMR image, (B) indicates the recognizable 
structure. 


to adjacent bones, while others were identifiable as a 
group, for example the flexor tendons. Many am- 
biguities were resolvable by the change in position of 
structures within adjacent sections. A lack of spatial 
resolution in some sections resulted in a failure to 
delineate known structures. 

Figure 2 is the most proximal section and passes 
through the lower forearm. The radius and ulna 
both show a homogeneous central black area cor- 


9 


responding to marrow within the medullary cavity 
which is surrounded by a thin white halo represent- 
ing cortical bone. The interosseous membrane joins 
the medial border of the radial shaft to the lateral 
border of the ulnar shaft. Several fascial planes are 
delineated which separate muscle groups in the 
flexor and extensor compartments of the fore-arm. 
Within the black band of subcutaneous fascia several 
well-defined white elliptical areas are seen which 
represent superficial veins. 

Figure 3 is a section through the distal radio- 
ulnar joint. The cross-section of the radius and ulna 
are seen centrally within the section and around the 
periphery is a rim of subcutaneous fascia. The lower 
end of the radius shows, on its medial side, a shallow 
concave border for articulation with the ulna. Ad- 
jacent to its anterior surface is the belly of the 
pronator quadratus muscle surrounded by a well- 
defined fascial envelope. The posterior surface ex- 
tends from the posterior border of the ulnar notch to 
the prominent subcutaneous dorsal tubercle of 
Lister. Immediately medial to the groove is the 
tendon of extensor pollicis longus and contiguous to it 
the tendons of extensor digitorum. Adjacent to the 
lateral surface which extends from the tubercle to the 
lateral border of the anterior surface are, from before 
backwards, the tendon of abductor pollicis longus 
and extensor pollicis longus in a common synovial 
sheath, and the sheath containing the tendons of 
extensor carpi radialis longus and brevis, adjacent to 
the root of the styloid process. The dorsal radio- 
carpal ligament is seen as a short dark band arising 
from the posterior surface of the radius beneath the 
tendon sheath of extensor digitorum. 

The inferior end or head of the ulna has, on the 
anterior and lateral parts, an articular circumference 
for the ulnar notch of the radius. The base of the 
styloid process lies laterally; medial to it is a shallow 
groove for transmission of the tendon of the extensor 
carpi ulnaris and immediately adjacent is the small 
tendon sheath of the extensor digiti minimi. 

The superficial and deep flexor tendons are not in- 
dividually resolved, but several fascial planes 
associated with their sheaths are seen. The radial and 
ulnar arteries appear as ring shadows, the former ad- 
jacent to the lateral border of pronator quadratus and 
the latter adjacent to the tendon of flexor carpi 
ulnaris. 

Figure 4 is a more distal section passing through 
the radio-carpal articulation. Here the ulna has been | 
replaced by the lunate and an articular disc of fibro- 
cartilage while the tendons and their disposition are 
little different from the previous section. There is an 
area of reduced density on the medial half of the 


VoL. 52, No. 613 
W. S. Hinshaw, E. R. Andrew, P. A. Bottomley, G. N. Holland, W. S. Moore and B. S. Worthington 


radius because this border is concave and its cross- 
section has, therefore, a substantial component of 
articular cartilage which reduces the total NMR 
signal. 











Figures 5 and 6 are two closely adjacent sections 
through the proximal carpus. From lateral to medial 


Triquetral 





Scaphoid 


B 


Radius 


~ Triquetral 


B 


Fic. 5. 
Section 4 passing through the proximal carpus. (A) is the 
NMR image, (B) indicates the recognizable structure. 
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the bones in each are the styloid process of the 
radius, the scaphoid, the lunate and the triquetral. 

Figure 6 is the more distal segment. The tapering 
styloid process is correspondingly smaller while the 
scaphoid and triquetral are larger in cross-section. 
This section passes through the articulation of the 
capitate with the lunate and the contiguous articular 
surfaces of cortical bones and cartilage produce a 
dark transverse cleft in the lunate. 
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Figures 7 and 8 are closely adjacent sections 
through the mid-carpus and the proximal end of the 
carpal tunnel. In Fig. 7, which is the more proximal, 
the carpal elements are, from lateral to medial, the 
scaphoid, the capitate, the hamate and the triquetral 
surmounted by the pisiform. Anterior to the capitate, 
separated by a dark cleft of contiguous articular sur- 
faces, is part of the lunate. 


Figure 8 shows the hamate to have a greater cross- 
section and the triquetral and pisiform to be 
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smaller. The fibrous flexor retinaculum is seen ex- 
tending from the pisiform to the tubercle of the 
scaphoid. Beneath it is an elliptical tunnel trans- 
mitting the flexor tendons whose floor is formed by 
several inter-carpal ligaments. The individual flexor 
tendons within the tunnel are not resolved. An- 
teriorly and medially is the hypothenar space con- 
taining the ulnar artery and the hypothenar muscles 
which appear as a granular density adjacent to the 
pisiform and triquetral bones. The extensor tendons 
of the digits and thumb are held in a fascial layer and 
these can be seen on the dorsal aspect of the carpus. 
The radial artery appears as a ring shadow ad- 


jacent to the scaphoid bone. 


Figure 9 is a section through the mid-hand with 
the thumb held in adduction. This passes through 
the heads of the metacarpals and the proximal 
phalanx of the thumb and also intersects the sub- 
cutaneous tissue covering the first interspace. The 
thick layer of palmar fascia is outlined and the cor- 
rugations of the palm, produced by circumferential 
compression of the hand within the narrow sample 
chamber, are clearly seen. The principal flexor 
tendons appear as light areas close to their respective 
digits (cf finger images, Mansfield and Maudsley, 
1977). 

DISCUSSION 

As with CAT scanning, resolution of soft tissue 
detail is at a premium in NMR imaging. The in- 
plane resolution in the y and z directions is excellent 
as can be gauged from the anatomical detail identi- 
fiable in section 2 (Fig. 3). 

Sections 4 and 5 (Figs. 5 and 6) are the closest 
together and from a consideration of the cross- 
sectional anatomy of the carpal bones when referred 
back to the cadaver sections and radiograph it can 
be estimated that these are separated by approxi- 
mately 5 mm. The thickness of the imaging plane is 
thus clearly less than 5 mm. 

In our present study transverse sections were 
chosen but sagittal and coronal planes are no more 
difficult to image by NMR and the equipment could 
be designed to image any plane in any orientation. 
The contrast exhibited in the images is consistent 
with equation 1 in that the highly mobile protons in 
marrow and fascial tissue give the largest signals, 
whereas the more solid-like cartilages and tendons 
give the lowest signals, although it is difficult to make 
quantitative measurements. As explained earlier, the 
contrast can be altered by variation of the image 
collection parameters and an imaging window level 
can be chosen by subsequent computer processing. 

The absence of the expected high signal from 
blood within the arteries is due to its continued 
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motion into and out of the imaging plane which 
reduces its NMR signal considerably, since the 
equilibrium steady-state signal is never obtained. 
This offers a potential method of in vivo measure- 
ment of blood flow. The light lines crossing some of 
the images vertically (Figs. 3 and 5) are also due to 
motion, in that if the wrist moves during the averag- 
ing period for one particular line of the image, the 
signal is again reduced because of the time re- 
quired to attain the steady-state response. It there- 
fore seems that in future whole-body images, high 
signals will be obtained from marrow, fascial tissue, 
and stationary blood pools, and that depending on 
flow rate the signals from arterial and venous blood 
will range down to zero but will nevertheless allow 
differentiation of the cross-section of large regions 
of flow by the signals from surrounding tissue. It 
should be noted that in whole-body images the 
minimum resolvable features will have dimensions 
approximately given by (image diameter)/128, 
assuming that the number of picture elements in the 
image remains the same. This is because of the rapid 
variation in time to acquire the image versus the array 
size for a given signal-to-noise ratio, The averaging 
time for a line of the image depends on the volume 
of the sensitive line and the resolution required along 
the line, which will normally be the same as the line 
“thickness” for equal z and y resolution. 

NMR relaxation times in normal and pathological 
tissue have received considerable attention in the 
literature (see Hinshaw et al., 1978) and are being 
studied in this laboratory. The differing relaxation 
times should aid in the discrimination between the 
normal and the pathological, but the work to date 
shows an overlap in the values suggesting that relax- 
ation times alone are insufficient. Further work is re- 
quired to find the best discriminants which NMR 
parameters can provide with the ultimate objectives 
of tissue characterization. It is noteworthy that 
previous work has been carried out on excised tissue 
and the situation may well be different in living 
tissue. 

The sections produced in this study were based 
upon the resonance of protons, but other nuclei 
could be chosen. The 19F nucleus, for example, gives 
a strong signal and images based on the resonance of 
the fluorine nucleus have recently been published 
from this laboratory (Holland et al., 1977). The in- 
troduction of fluorine-containing compounds into 
the circulation would enable the vascular bed of body 
organs to be studied without interference from sur- 
rounding tissues and this would be analogous to 
blood-pool assessment by radioactive isotopes. 


The hazard associated with our procedure has 
already been discussed briefly by Hinshaw ef al., 
(1978); there are three distinct possible causes, 
namely the static magnetic field, the radio frequency 
pulses and the time-dependent gradients. Static 
fields of 0.1 T which will be used in whole-body 
imaging systems seem unlikely to be hazardous 
(Barnothy, 1964; 1969). The RF volume power dis- 
sipation has been calculated (Bottomley and Andrew, 
1978) to be less than 1 mW cm”, which corresponds 
to a flux density of less than 10 mW cm~? (Schwan, 
1972) for our projected full-body system operating 
below 5 MHz. This level is below the recommended 
maximum safe working level for non-ionizing radi- 
ation (Min. Tech., 1968). Finally, the time-depend- 
ent gradients cause negligible heating, although 
the Faraday-induced voltages in conducting loops 
within the body could become appreciable in other 
systems where the gradients are changed very 
rapidly. 
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ABSTRACT 

An apparatus (Machlett’s Dynalyzer II system) is 
described that makes real-time dynamic tests on the output 
and performance of the X-ray tube and generator so that a 
single exposure gives information on mA and mAs; exposure 
time (ms); kVp anode to earth; kVp cathode to earth; kVp 
cathode to anode; tube filament current; line voltage and 
radiation output of the tube (mR). The method of use is 
described together with the results of comparisons made 
with other test equipment. Some novel design features are of 
particular interest. The results show that by using this 
apparatus present design characteristics of X-ray generator- 
control-tube systems are such that the accuracy of calibra- 
tion can be improved by at least an order of magnitude. 


All progress in diagnostic radiography since 1895 has 
been toward increasing the dependence of the radio- 
grapher on the apparatus producing the primary 
beam. For instance, exposures are measured in milli- 
seconds rather than minutes and radiographers are 
expected to carry out many different examination 
techniques using several types of apparatus, often by 
more than one manufacturer, usually in a depart- 
ment containing several diagnostic rooms. In order 
that consistent results can be obtained under these 
conditions, the radiographer must be reasonably 
confident that exposure factors that apply with one 
machine can be used with another, or indeed with all 
machines. This is an ideal condition that too often is 
not achieved in practice, yet there is usually little the 
radiographer can do other than increase or decrease 
the exposure in accordance with his experience and 
to report the apparent defect to his superintendent. 

A physicist experienced in diagnostic radiology 
could help with these problems, but at present such 
physicists are relatively uncommon in the United 
Kingdom. In the absence of such an expert, the 
superintendent or the hospital physicist should have 
access to a dosemeter and/or a cathode-ray oscillo- 
scope, but even if the manufacturers’ engineers are 
called in there is comparatively little they can 
ordinarily find out about the output of the generator 
and the X-ray output of the tube without going to a 
great deal of trouble that would take the set out of 
commission for a relatively long period. 

Problems can also arise when we consider what is 
being measured, For instance, an Ardran-Crookes 
penetrameter cassette measures effective kilovoltage 
by the radiation produced. A potential divider 
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system measures peak kilovoltage and a cathode-ray 
oscilloscope shows the waveform. All these measure 
different aspects of tube performance and some com- 
promise may be needed between the users and the 
testers as to which standard should be applied in a 
particular case. 

A system is now available that makes real-time 
dynamic tests possible on the output and perform- 
ance of the X-ray tube and generator, either separ- 
ately or together. The apparatus is the Dynalyzer II 
from Machlett X Ray Tubes (Great Britain) Ltd. It 
is inserted in the secondary side of the high voltage 
circuit between the high tension generator and the 
X-ray tube (Fig. 1), and a single exposure can give 
all the following information: mA and mAs; expo- 
sure time (ms); kVp anode to earth; kVp cathode to 
earth; kVp cathode to anode; tube filament current; 
line voltage; radiation output of the tube (mR). 

A paper-tape printer is included in the Dynalyzer 
system, so that an intermittent fault can be investi- 
gated by leaving the apparatus in circuit all day, so 
that each exposure is logged for off-line analysis. 


DESCRIPTION OF APPARATUS 

The high voltage unit (Figs. 1 and 2) encloses a 
high-voltage divider network, an anode current 
sensor and a filament current monitor. The high- 
voltage divider inserts 1000 megohm resistances 
between the anode and earth and the cathode and 
earth, the rated anode-cathode voltage being 150 
kVp. The voltage is measured across a 10000:1 step- 
down section with +1°4 accuracy. 

The anode current sensor is an optically-coupled 
device to give a signal that represents the anode 
waveform. Currents from 1 mA to 2 A can be meas- 
ured with a claimed accuracy of 4-4% for currents 
less than 10 mA and +2% for currents over 10 mA. 
The output conversion factor is 1 mV per mA of 
anode current and this output voltage is electronic- 
ally buffered so that it can be coupled to a cathode 
ray oscilloscope or other measuring device. 

The means of producing an isolated input that 
represents the anode current is an innovation. The 
anode current is sampled through a 1 ohm resistance. 
The signal is amplified and then fed to a gallium 
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arsenide infra-red light-emitting diode. The light 
signal from this device is proportional to the current 
sampled. It is optically coupled through a glass light- 
pipe to a photodiode. The output from this diode is 
again amplified and then fed to the display unit. 

The tube-filament current monitor uses an isolat- 
ing toroidal transformer in the common lead of the 
filament circuit. It can measure currents up to 20 A. 
Claimed accuracy is +-1% at 50 Hz. 

The digital display unit (Figs. 1 and 3a) and the 
paper-tape printer (Figs. 1 and 3B) are part of the 
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Fic. 1. 
Block diagram to show how the Dynalyzer II system is incorporated in the high tension circuit. 
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Dynalyzer II system. For fullest utilization of the 
equipment, a dual-trace cathode-ray oscilloscope and 
a radiation probe are needed in addition. Any cath- 
ode-ray oscilloscope can be used, but the impedance 
of the output of the ionization chamber needs to be 
matched to that of the digital display unit. The out- 
put of the high-voltage unit is frequency compen- 
sated for cable length, high voltage transients and for 
oscilloscope impedance factors, so that the overall 
accuracy of the voltage readings on the cathode-ray 
oscilloscope is normally limited by the accuracy of 
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the oscilloscope used. The accuracy of the digital 
display unit is usually at least an order of magnitude 
higher. 


Method of connection 

The secondary circuit of the high tension supply 
to the X-ray tube is interrupted by removing the 
high voltage cables from the tube and connecting 
them into the Dynalyzer II high-voltage unit 
(Fig. 1). Jumper cables are then used to connect the 
high-voltage unit to the tube. A direct connection is 
then made from the high-voltage unit to the digital 
display unit, by means of a multi-core cable, and 
thence to the digital printer. A 240 V supply is taken 
to the three components of the Dynalyzer II system 
from a common point. This is to prevent any earth 
loop becoming established. The oscilloscope takes 
its electrical supply from the same mains and con- 
nections are then made to the appropriate sockets on 
the digital display unit so as to view the anode and 
cathode wave forms. Another socket accepts the lead 
from the radiation probe. 


Method of operation 

The high-voltage waveform is unlikely to be 
identical from set to set, so that there is a need to 
select the most useful point on the waveform. This 
point at which readings are to be taken can be 
affected in four ways. Firstly, a built-in delay can be 
switched out when making exposures of less than 
3 ms. Secondly, there is a vernier scale to select the 
triggering point. For single phase units, a point at 
10% of the peak is advised, and for 3-phase units a 
point at 75% of the peak. It is also possible to in- 
clude an additional delay of up to 20 ms before kVp 


measurements are made and finally triggering can be 
either external or, if internal, from the kV or mA 
wave forms. 

In practice, it was found that an initial 10 ms 
delay was essential to prevent the apparatus record- 
ing the initial spike on any exposure. With regard to 
the vernier settings, the recommended levels of 10% 
for single phase and 75% for 3-phase were found to 
be a good general guide. We did find on some occa- 
sions, however, output waveforms that necessitated 
measurements being taken at the 50°, point. 


METHOD OF TESTING 
During the evaluation of the apparatus, exposures 
were made utilizing all the variables and noting the 
effects on the indicated factors. For each set of con- 
ditions on the Dynalyzer II system (e.g. automatic 








Fic. 2. 
The high voltage unit containing a high voltage divider, an 
anode current sensor and a filament current monitor. 
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Fic. 3. 
(A) The digital display unit and (B) the paper tape printer of 
the Dynalyzer II system. 
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delay “ON”, 10% of waveform, kV trigger, 10 ms 
delay) tests were made as shown in Table I. When 
each set of tests had been carried out, the whole pro- 
cedure was repeated with a different set of conditions 
being selected on the Dynalyzer IT. 

When these results were being obtained, some 
additional constraints became apparent. Firstly, it 
was found that the extra cable in the high tension 
circuit imposed such a load on the X-ray system that 


the tube current was significantly lowered, with an 
accompanying drop in kVp—contrary to what might 
have been expected. Allowance must be made for 
this in any calibration of settings on the control 
panel, 

It was found that the Dynalyzer I] is much more 
sensitive to variations in the line voltage than is the 
usual “automatic? compensator on the X-ray 
apparatus. This meant that a given stud setting 
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Typical results obtained with the Dynalyzer II system showing the variation in actual kVp output against tube mA 
for various selected values of kVp. 
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Variation in actual generated mA against the selected kVp for chosen mA values. These are the same X-ray units as 
were tested to give Fig. 4. 


might give a different high-voltage output at differ- 
ent times, due to these variations in the line voltage. 
This is no fault in the Dynalyzer II system, for it 
accurately follows these changes, but it does mean 
that accurate calibration of the control settings can 
be impossible if the mains voltage is significantly 
variable, When the kVp and time are kept constant 
and a series of readings is taken with variation in the 
mA used, then, in general, as the mA increases the 
kVp would drop. The apparatus is arranged so as to 
compensate for this effect but, if the mains voltage is 
also varying, the compensation may not be exactly 
proportional to the change in mA. A change of 
5%, in the actual kVp has frequently been detected 
in Barnsley, where the mains supply is particularly 
erratic. Although such a change would probably not 
be detected on the film, this effect must be remem- 
bered whenever the Dynalyzer H is used to check or 
calibrate stud settings. 

It was also found that although it is remarkably 
easy to make deductions as to the shape of the wave- 
form even without a cathode-ray oscilloscope, in 
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practice it is a great advantage to know the shape of 
the kVp output waveform before undertaking a test 
exposure. This is in order to determine what delay 
should be applied before the reading-point and to 
decide at which point to start the measurement of 
exposure time. 


RESULTS 

It would be impracticable to list all the results 
here. Even from one generator and one tube an 
enormous quantity of data becomes available. Our 
aim was to assess the Dynalyzer II system rather 
than the X-ray apparatus, so that we tested many 
installations and checked wherever possible against 
other measuring devices. In most of the tests, the 
equipment suppliers and their engineers gave full 
co-operation and these units were tested concurrently 
with their own test equipment. There were a few 
instances where the X-ray equipment suppliers and 
we have agreed to differ over slight differences of 
calibration, but such differences have been minor, 
especially when the width and intensity of the 
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oscilloscope trace is taken into account. We were 
fortunate in being able to assess the Dynalyzer H on 
new equipment being installed in a new department 
by all four major suppliers, as well as in several older 
departments containing well-used apparatus. 

An example of the type of result obtained when 
making measurements on single- and 3-phase units 
is shown in Fig. 4. When this type of curve was first 
obtained, at first sight it seemed that the units under 
test were poorly aligned, but closer examination of 
the tube current results suggested that the tube mA 
was low and that this was giving rise to the un- 
expectedly high kVp. The tube mA values for these 
units are shown in Fig. 5, wherein it will be seen that 
the mA did not vary with selected kVp in the way 
that the recorded kVp varied with selected tube 
current. Eventually, the explanation was found to 
lie in variations in line voltage and the sensitivity of 
the Dynalyzer II to these variations mentioned 
above. 

In summary, our findings were: 
mA check gives an average reduction of 
8% in mA with constant kVp, 
when both HT cables were 
connected. The variations be- 
tween the readings was <1%. 
With both HT cables inserted, 
the reduction in mA gave a rise 
in kVp of 8-10%. 

The variation between read- 
ings was <1% using kV trig- 
ger, average variation 3.2% 
using mA trigger, average vari- 
ation 1%. 

Repeatability check <1% variation. 

When the cathode cable was disconnected from 
the high-voltage unit and reconnected directly to the 
X-ray tube, the load on the cathode circuit was 
removed, and the mA results were accurate to within 
1%. Consequently, the indicated kVp rose to the 
level needed to compensate this effect. 

The maximum variation between results was 
found to be 1.15%, both on testing different tube- 
generator systems and repeated tests on one appar- 
atus, 


kV check 


Timer check 


Discussion 

The Dynalyzer II test system is a very sensitive 
apparatus that gives excellent reproducibility and 
consistent results. It can be used in two ways, both 
during the initial calibration and alignment of the 
X-ray generator-control-tube system and as a run- 
ning check on the system’s performance throughout 
its working life. The Dynalyzer II is so sensitive that 
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the user must be aware of the limitations of the X- 
ray equipment that is being tested, because it is very 
easy to misinterpret the results obtained and to 
ascribe a permitted variation to an apparatus fault. 
In most instances, a view of the output waveform is 
essential. 

Another finding was that when tests were being 
made on apparatus that had been aligned in the con- 
ventional manner by the supplier’s engineers, the 
load presented by the Dynalyzer IT unit was not 
acceptable and it was found that it was better to 
operate with only the anode cable connected into the 
circuit when measuring mA and kVp. This necessi- 
tated that both anode and cathode waveforms should 
be symmetrical with respect to each other. Both 
cables could be inserted when exposure time was 
being measured and it was found that the best read- 
ing was obtained using an mA trigger because the 
mA waveform is delayed compared with the kV 
wave and mA is needed to obtain any X rays. In a 
similar manner, both cables were connected when 
readings of the tube filament current were being 
taken. 

When the apparatus is used for initial alignment 
and calibration of a new installation, both high- 
tension cables are connected into the high-voltage 
unit. When alignment is satisfactory, the cathode 
cable is removed and final adjustments are made, 
The accuracy of the final alignment is only limited 
by the design characteristics of the generator-control- 
tube system. 

It has hitherto been thought that a tolerance in 
final alignment of 10°% was all that could be obtained 
and this has been regarded as acceptable. The design 
characteristics are such that the present investigation 
has found that this tolerance can be reduced to 1%, 
so that previous testing methods were not making 
full use of the adjustments available. 

In use, the Dynalyzer II is easy to connect into 
any secondary circuit using 75 kVp 3-pin federal- 
type connectors. On some apparatus from Siemens, 
special adaptors were found necessary because the 
retaining ring for the high-tension cable has an 
internal thread. 

The Dynalyzer II test system can readily be trans- 
ported by one man using a car. The use is special- 
ized in that any one hospital or even one group or 
area would find it difficult to justify the relatively 
high cost by the local use that could be found for it. 
On the other hand, it would seem to be a highly 
justifiable purchase at the regional level. This 
apparatus can eliminate guesswork and it takes very 
little time to produce a complete analysis of per- 
formance. 
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Thermo-Radio-Therapie. Animal Experiments Investigating 
the Combined Treatment with High Frequency Waves and 
Röntgen Rays of Solid Ehrlich Ascites Tumours in the Mouse. 
By Dr. med. habil. Franz Dietzel, pp.124-+ 94 references + 
96 Appendix with details of results, 1978. (In German) 
(Urban & Schwarzenburg, Munich) DM48. 


ISBN 3-541-08681-5 


‘This book is a published research thesis. It is economi- 
cally produced in offset-litho with soft covers. It describes 
experiments carried out over 2~3 years at the University of 
Giessen on the effect of 461 MHz microwaves and X rays on 
solid Ehrlich ascites tumours in mice. The experiments 
were sensibly designed, were well carried out and are well 
analysed and very clearly described (if I can presume to say 
so of another language). The literature is adequately listed 
up to the end of 1976: over 1200 references. 

The author used rather short bursts of hyperthermia 
labelled H1, H2, H3, and H4 respectively because the 
microwave generator was switched on at a constant 150 W 
for just one, two, three or four minutes. Temperature versus 
time curves are given, and are nearly triangular. The times 
above 37°C were only four, six, eight and ten minutes 
respectively. The peak temperatures reached momentarily 
were reported to be about 39.5°, 40.5°, 41.5°, and 42.5° 
respectively. The author concluded “easily”? (unschwer) 
that hyperthermia alone, given with the aim of healing the 


tumour, was unrealistic. 


X-ray doses of 10, 20, 30 and 40 G were used alone in the 
control experiments, with acceptable results. Combined 
treatments were always with 20 Gy, sometimes with simul- 
taneous heating, at other times with an interval between 
them up to 96 hours. There was little or no effect of the 
hyperthermia alone on the tumours. 

The largest effect was with simultaneous heat and X rays, 
although intervals shorter than 24 hours were not studied. 
Dose modifying factors of 1.5 to 2 were found for various 
parameters of tumour response when heat and radiation 
were given together, as other authors have found for longer 
exposures to 42-43°C for one hour. It is surprising that such 
large DMFs were found for such short exposures. Perhaps 
microwaves of 461 MHz do have a stronger effect, then 
“waterbath” heating; or were the temperatures actually 
higher? These DMFs are not higher than those obtained for 
normal tissues by other authors, whom Dr. Dietzel correctly 
quotes. This conclusion does not mean that hyperthermia 
combined with radiotherapy will provide no therapeutic 
advantages, but it does mean that the advantages have to 
be sought for by further research and don’t just fall off the 


tree at the first shake. 


‘This book should be on the shelves of researchers into the 
therapeutic effect of hyperthermia. 
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ABSTRACT 
A biological test object has been used to determine 
optimum imaging factors for xeroradiography of the 
extremities. Three observers independently demonstrated a 
clear preference for positive-mode imaging. 


When imaging with the Xerox 125 system the oper- 
ator can select one of three initial plate-charge 
voltages as well as positive or negative development. 
In addition, three different development densities 
can be selected when the negative mode is used. 
These imaging factors can therefore be varied to give 
12 different combinations even before exposure 
factors, such as kV, are considered. 

Good visualization of bone is the main require- 
ment in extremity imaging, although simultaneous 
visualization of the soft tissues, particularly peri- 
articular structures, is also important. Use of the 
positive mode can result in areas of depleted toner 
around dense structures such as bone and, for this 
reason, negative mode imaging has been advocated 
for extremity xeroradiography (Richardson, 1977; 
Woesner and Sanders, 1972). However, Wolfe (1969) 
and Gold (1975) appear to use only the positive mode 
whilst other studies (Luska et al., 1976; Otto et al., 
1976) illustrate the use of both positive and negative 
modes without comment on the respective merits of 
the two techniques. 

The present study attempts to determine optimum 
imaging factors for xeroradiography of the extremi- 
ties. 


METHOD 

An amputated leg was placed on a standard 
Perspex tunnel and maintained in a constant posi- 
tion. Fifty-six exposures were then made using all 
combinations of plate charge and development 
factors with both positive and negative modes. A 
representative image is shown in Fig. ta. Radiation 
exposure factors were constant (Table 1) except that 
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with each imaging combination the exposure time 
was varied to give a range of appearances from under- 
to over-exposure. Assessment of under- and over- 
exposure was made as the images were being pro- 
duced and not every available time-interval between 
the two extremes was utilized where a single incre- 
ment of exposure produced no apparent change in 
the image. The R125 system used employed the 
standard charge voltages, back bias voltages and 
number of powder bursts. 

Seven areas representing a range of bone and soft 
tissue appearances were selected and a mask was 
made with numbered windows through which these 
areas could be viewed (Fig. 18). The images with 
the mask in place were then viewed in a random 
order by each of the three observers. Each area as 
seen through the window was scored from 0 to 3 as 
follows: 0, very poor or absent visualization, Ls 
structures demonstrated but without much detail; 
2, structures reasonably well demonstrated with good 
detail; 3, structures well shown with fine detail. The 
random order of viewing the images was different 
for each observer. This process was then repeated on 
a separate occasion (with different random orders) so 
that each observer had eventually viewed and scored 
all the images twice, each time in a different order. 

The scores so obtained were examined to deter- 
mine the reliability of the image assessment process 
and to determine the optimum imaging factors for 
bone areas and soft tissue areas separately, as well as 
overall. 


TABLE I 
EXPOSURE FACTORS (3-PHASE GENERATOR) 


| ev 120 | Fttration 2.5 mm Al 


mA 200 Time 0.02-0.25 sec 


100 cm Focal spot 1mm 
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(a) An image of the test object (positive mode). 


(B) The same image with the mask in position. 


ANALYSIS AND RESULTS 

The total observed variability in the scores, as 
measured by their sum of squares about the mean, 
was split into its component parts as shown in the 
analysis of variance in ‘Table II. When each sum of 
squares is divided by the appropriate degrees of free- 
dom, the mean square column is derived. In the 
absence of any real effect the figures in this column 
would all be approximately equal to each other, and 
comparing their size gives an indication of the rela- 
tive degree of importance of each of the sources of 
variability. In this instance it is thought unwise to 
apply the usual significance test that often accom- 
panies such a table, because its underlying assump- 
tion of “normal” variability with constant variance 
cannot be justified when the scores are restricted to 
only the four values, 0, 1, 2 and 3. 

Examination of the table shows that the most im- 
portant effect is “between images” (i.e. consistent 


n 


N 


differences between one picture and another, after 
the other relevant effects have been allowed for), 
followed closely by differences “‘between observers” 
and ‘between areas”. The very small figure for 
“between runs” is a little surprising (the sum of 
squares taken to more figures is in fact 0.0017), but 
this indicates only that there was virtually no con- 
sistent difference between runs. That there was an in- 
consistent difference (run 1 scoring higher than run 2 
for some observers, run 2 higher than run 1 for 
others) is shown by the mean square for the “‘inter- 
action between observers and runs”, which is the 
highest of the interactions. Those between “‘observ- 
ers and areas”, “images and areas” and ‘‘observers 
and images” are the next most important. The other 
terms, including all the second-order interactions, 
appear to be negligible. 

The main interest in the study lies in the con- 
sistent differences between the 56 images, and due to 
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TABLE I 
ANALYSIS OF VARIANCE 























iene) 
Sum of of Mean 
Source of variation squares | freedom | square 
Main effects 
Between observers 21.5 2 10.8 
Between runs 0.0 1 0.0 
Between images 771.9 55 14.0 
Between areas 60.6 6 10.1 
Interactions 
Observers and runs 9.3 2 4.6 
Observers and images 149.9 110 1.4 
Observers and areas 36.9 12 3.1 
Runs and images 23:5 55 0.4 
Runs and areas 2.0 6 0.3 
Images and areas $74.6 330 1.7 
Second order interactions 
Observers and runs and 49.0 110 0.4 
images 
Observers and runs and 4.0 12 0.3 
areas 
Observers and images and | 175.3 660 0.3 
areas 
Runs and images and areas 49.6 330 0.2 
Residual 

















the balance of the experiment these may be examined 
in terms of their means knowing that the other 
effects will cancel out. These means are shown in 
Table III, where it is evident that all means greater 
than two refer to positive images. 

Further analyses of variance (not shown here), 
taking the positive images and the negative images 
separately, gave very similar results to the overall 
analysis except that the “between observers” figure 
was much greater for the positive images but neglig- 
ible for the negative images. It remains true that each 
of them preferred the positives to the negatives, but 
all regarded the negatives about equally, while vary- 
ing in their respective enthusiasm for the positives. 

A comparison was made between two bone areas 
combined and two soft tissue areas combined (Fig. 
2). It is seen that the positive images do best for the 
bone areas, while some of the negative images do 
well for the soft tissue areas. Positive images with a 
C or D charge do well for both areas. 

The relationship between mean score and expo- 
sure is shown graphically for the three positive mode 
techniques in Fig. 3. It can be seen that exposure 
latitude is greatest with the highest charge (D) and 
least with the lowest charge (B). 



























































TABLE III 
MEAN SCORE PER AREA FOR EACH IMAGING COMBINATION OVER A RANGE OF MAS VALUES 
Imaging factors mAs 
Mode Density Charge 10 16 25 
B B 181 | 167 | 1.29 
c yar | 117 | 129 
» 0.86 | 1.31 | 
c B 155 | 157 | 1.12 
Negative g C 1.55 1 79 1 36 6 
ee: Caset | 783 | 110 |. 
D Bo 7 | 167 | 169 | 031 | —_ 
€ ss | 438 | 090 | 121 | | 
DO 164 | 129 | 0.90 | 048 | 
B 233 | 255 | 212 | 0.55 
Positive c 255 | 252 | 248 | 136 | | se 
D 24g | 231 | 238 | a 
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‘The mean scores for two soft tissue and two bone areas com- 
pared. (Positive mode images are letters with the letter 
indicating the charge, negative mode images are dots.) 
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Discussion 

The range of exposures selected appears satis- 
factory for most imaging combinations since a reduc- 
tion in mean score on either side of a maximum has 
been demonstrated. However, for the three negative 
mode, D density combinations, the maximum score 
is achieved by the lowest exposure and it is therefore 
possible that a further exposure reduction would 
have resulted in a higher score. On re-examination, 
those images in fact show poor visualization of 
thicker bony structures due to the high residual 
charge resulting in poor or absent deposition of 
powder. Reducing the exposure further would only 
worsen this problem and an increase in mean score is 
considered unlikely. 

This study indicates that depletion of toner at 
bone edges when using positive mode imaging does 
not significantly detract from image quality in ex- 
tremity xeroradiography and the positive mode is 
preferred for this application. In the positive mode, 
a B charge can give exceptional bone visualization 
but the range of acceptable exposures is small. The 
increased exposure latitude when using a D charge 
permits the use of small exposures with relatively 
little reduction in image quality. Where both soft 
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Fic. 3. 
‘The mean score in relation to exposure for each of the three positive mode combinations (B, C and D charge). 
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tissue and bone visualization is required a C or D 
charge is preferred. 
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ABSTRACT 

‘The authors have studied the consequences of irradiation 
of the upper part of the left kidney during treatment of the 
spleen., Seventy-four patients with lymphoma were entered 
in the study. They have all been followed up for between 
three and five years. Renal function was assessed by physical 
examination, biological tests, intravenous pyelograms and 
nephrotomographies, isotope scans with }®7Hg neohydrin, 
dynamic studies with 31 hippuran and ®°Tc™ DTPA. No 
significant changes have been noted for blood pressure, bio- 
logical tests or IVP. Eighteen months after irradiation renal 
tomograms showed cortical atrophy of the superior pole of 
the left kidney. 1°?Hp neohydrin started to show reduced 
uptake of the isotope in the irradiated region of the left 
kidney by the eighth month, 131 hippuran and Tem 
DTPA detected abnormalities respectively five and three 
months after irradiation. No compensatory hypertrophy nor 
change in the overall kidney function have been noted. 

In Hodgkin's disease, radiotherapy has proved its effi- 
ciency in splenic involvement and the lack of secondary 
renal side effects. On the other hand, morbidity was shown 
to occur in 5% of cases after splenectomy. From these data, 
it is proposed to prefer radiotherapy rather than surgery for 
splenic treatment. 


Although the effects of bilateral renal irradiation are 
well known from the work of Kunkler et al. (1952), 
little is known of the effects of partial or complete 
irradiation of one kidney. In the course of a clinical 
trial (Tubiana et al., 1977), comparing the curative 
value of splenic irradiation versus splenectomy, we 
started in 1972 to study renal function prospectively 
in lymphoma patients one of whose kidneys was 
partially irradiated during splenic radiotherapy. 
Renal function was assessed using X rays, isotope 
scans, and clinical and biological tests. The methods 
of treatment and investigations as well as preliminary 
results on 16 cases have already been reported (Le 
Bourgeois et al., 1975). 


MATERIALS AND METHODS 

Seventy-four patients were entered in the study of 
whom 63 were cases of Hodgkin's disease while 12 
were cases of non-Hodgkin's lymphoma. The group 
had a mean age of 30-14 years with a range of four 
to 67 years. All patients have been followed up for 
between three and five years. One patient, not in the 
trial, whose renal function was not assessed prior to 
radiotherapy has been followed up for 11 years. 
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Radiotherapy 

The spleen was irradiated through anterior and 
posterior fields using 25 MV photons from a linear 
accelerator. 4000 rad central dose was delivered in 
four weeks in four fractions per week. The limits of 
the splenic fields were identical in all patients in- 
cluding the lower 1-2 cm of the base of the left lung 
and the left thoracic wall. Medially the field was con- 
tinuous with the lumbar para-aortic field. The lower 
border was determined by a spleen scan done in the 
treatment position. The area of kidney irradiated 
was measured on the planning check film or the size 
of the irradiated zone was calculated by proportion 
from the intravenous pyelogram (IVP). Between 30 
and 80%, of the kidney was irradiated with a mean of 
50%. Two cases with non-Hodgkin's lymphoma of 
the stomach received 1500 and 4500 rad respectively 
to the whole of the left kidney. 


Investigations 

Renal function was studied before radiotherapy 
and after treatment at six weeks, six months, one 
year and every subsequent year. 

The following measurements were made: 

arterial pressure after lying down for 15 minutes and 

then on standing; blood urea and creatinine levels, 

creatinine and urea clearance in three hours, 24 hours 
urinary protein, and estimation of the number of red 
and white blood corpuscles in the urine per min- 
ute. Measurement of plasma renin levels were ob- 
tained in five patients. One patient had bilateral 
renal vein catheterization with estimation of plasma 
renin levels from each kidney (Vaughan et al., 

1973); an IVP using radio selectan was done at each 

follow up. Fourteen patients had renal tomography 

performed during the first minute after injection of 
the contrast medium. 
Two types of isotope studies were performed: 

(1) Digital scanning after intravenous injection of 
197Hg neohydrin which is filtered by the renal 
tubules and concentrated in the renal cortex. A 
posterior scan was performed three hours after 
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Fic. 1. 
(a) 197Hg neohydrin scintigram before irradiation. 


(B) 197Hg neohydrin scintigram eight months after irradiation showing decreased 


uptake of the upper part of the left kidney. 
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(a) Time course of the ratio between the mean uptake of 
“Pig neohydrin in the irradiated part of the left kidney and 
the right kidney for three patients (No1, 2 and 3). 

(e) Time course of the ratio between the mean uptake of 
tig neohydrin in the non-irradiated part of the left kidney 
and the right kidney for three patients (Nol, 2 and 3). 


intravenous injection of 300 aCi of 197Hg neo- 
hydrin. The digital scanner enabled quantitative 
comparison to be made between uptake in differ- 
ent regions of the kidney. Thus it was possible to 
calculate the ratio of the uptake in the left kidney 
to that in the right kidney, as well as to compare 
the uptake in the upper and lower pole of the 
same kidney (Le Bourgeois et al. 1975), 
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(2) Dynamic studies of renal plasma flow and of the 
glomerular filtration rate were carried out with 
181] hippuran and 9Tc™ DTPA using a scintil- 
lation camera on-line with a computer. 300-400 
pCi of 131] hippuran or 2 mCi of Tem DTAP 
were injected 30 minutes after an oral water- 
load of 1000 ml and the isotope uptake in the two 
kidneys followed during 30 minutes. Using a 
computer program we were able to calculate the 
time course of the activity in each part of the 
kidney. 


RESULTS 

The arterial blood pressure did not change in any 
of the patients. In particular there was no change in 
blood pressure in a 60-year-old man, three years 
after he had received 4500 rad to the whole of the 
left kidney, in spite of the fact that considerable 
atrophy of this kidney did develop. 

Proteinuria of less than 1 g in 24 hours was 
detected in three cases, and an increase in the num- 
ber of white blood cells per minute in the urine (be- 
tween 2000 and 20000) was detected in seven cases. 
This leucocytosis was accompanied by microscopic 
haematuria in two cases (4000 and 20000 RBC/min 
respectively). These changes were detected by the 
eighth month following radiotherapy and subse- 
quently disappeared. In all other cases there was no 
proteinuria and the RBC and WBC loss was always 
below 500 cells of each type per minute. 

The creatinine clearance was normal in all cases. 
Plasma renin levels stayed within normal limits in all 
the five cases in which they were measured. There 
was no increase in the plasma renin levels in the right 
and left kidney of the patient who had received 4500 
rad to the entire kidney at 24 months post treatment. 
As the hippuran renogram showed that plasma flow 
in the left kidney was only 20°% of that in the right 
kidney, renin secretion by the left kidney must have 
been one fifth of that of the right kidney. 

No morphological changes were detected in the 
standard IVP of any patient following partial renal 
irradiation. The patient who had received 4500 rad 
to the entire left kidney had one minute delay in 
excretion of the contrast, first detected two years 
after irradiation. However, there was no modification 
in the appearance of renal calyces. 

The size of the irradiated kidneys diminished for 
30 months after irradiation. The degree of reduction 
in size ranged from 1 to 4 cm depending upon 
whether the irradiation was partial or total. During 
the same period the size of the right kidney did not 
change. Sometimes the lower pole of the irradiated 
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kidney appeared to rise. No compensatory hyper- 
trophy of the right kidney, or the lower pole of the 
left kidney, was observed. 

Eighteen months after irradiation, renal tomo- 
grams showed cortical atrophy of the superior pole 
of the left kidney with a reduction in the cortical 
index, contraction and stenosis of the superior caly- 
ceal channels and flattening of the renal papillae in 
the irradiated region. 

The 197Hg neohydrin scintigrams started to show 
reduced uptake of the isotope in the irradiated 
region of the left kidney by the eighth month (Fig. 1). 
Computer data showed that uptake was reduced by 
about 70° in the irradiated region and 20-30% in 
the non-irradiated region. The uptakes decreased 
slowly until the twentieth month, after which they 
stabilized but showed no signs of improvement 
(Fig. 2). 

The 131] hippuran renogram showed a mean delay 
of two minutes in the appearance of the peak at the 
level of the irradiated portion of the kidney in 11 
cases studied, with a 30-50% reduction in the height 
of the peak when compared to the peak of the 
normal kidney. The height of the peak in the un- 
irradiated portion of the left kidney was intermediate 
between the peak from the right kidney and that 
from the irradiated portion of the left kidney. These 
changes were first detected five months after irradia- 
tion. On the other hand, from three months after 
irradiation isotopic uptake in the irradiated portion 
of the left kidney was reduced on the DTPA scans, 
in spite of the fact that the 131 hippuran scan was 
normal at that time. 


Discussion 

The absence of hypertension in these patients 
could be explained by destruction of the sites of 
renin production (Ljungquist et al., 1971), or by a 
protective mechanism exerted by the contralateral 
kidney (Vaughan et al., 1973). The normal renin 
levels observed in our cases exclude frank elevation 
of renin secretion after radiotherapy and rather 
suggest a reduction in renin production. 

The slight changes observed in the biochemical 
parameters are probably due to an interstitial 
nephropathy and have already been reported in the 
literature after bilateral renal irradiation (Luxton, 

1953). The absence of an elevated creatinine level is 
not surprising since more than 50% of the function- 
ing nephrons must be damaged before any elevation 
of creatinine becomes apparent (Davey et al., 1952). 

Our results confirm the great sensitivity of isotope 
tests in detecting post-radiotherapy damage (Quinn 
et al, 1962). The reduced uptakes observed in 
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197Hg neohydrin and 99Tc™ DTPA scans appear 
before any lesions are detectable on IVP or renal 
tomograms. In fact, the IVP in the case of a uni- 
lateral nephropathy often gives excellent opacifica- 
tion of the renal calyces due to increased concentra- 
tion of the excreted iodide, present in a reduced 
volume of urine (Bitker et al., 1969). Eight months 
after radiotherapy glomerular and tubular damage is 
present, but can only be detected isotopically. This 
damage leads to the later changes already described 
elsewhere (Madrago et al., 1970; Mostofi et al., 
1964; Rich et al., 1961; Russell, 1953). The reduc- 
tion in isotope uptake appears after 1500 rad deliv- 
ered in 18 days to the whole kidney. The kidney is 
therefore more radiosensitive than has been thought 
(Luxton, 1953). The changes detected on renal 
tomography seem to be due to fibrosis and, when 
they are established, do not progress. 

We did not detect any evidence of compensatory 
hypertrophy of the other kidney or of the remaining 
portion of the irradiated kidney. In fact this hyper- 
trophy observed in animals when the two inferior 
poles of the kidneys have been irradiated (Asscher, 
1964) is not usually observed in human cases of uni- 
lateral nephropathy (Raynaud, 1973). The absence 
of compensatory hypertrophy suggests that there is 
no alteration in the overall kidney function. 


CONCLUSIONS 

Partial irradiation of a kidney leads to local 
sequelae which are clinically and biologically well 
tolerated for up to five years. Isotopic methods are 
especially valuable for the early detection of these 
lesions which do not progress after the second year. 

No significant difference in relapse rate could be 
shown between patients treated with splenectomy or 
with splenic irradiation. 

Thus splenic radiotherapy has proved its effi- 
ciency and its safety since no clinical renal sequelae 
could be detected in the patients so far treated. 

On the other hand, morbidity was shown to occur 
in 5% of cases after splenectomy. From these data, 
it is proposed to prefer radiotherapy rather than 
surgery for splenic treatment in Hodgkin’s disease. 
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ABSTRACT 

Large X-ray fields, such as those used to irradiate major 
lymph-node areas in the treatment of lymphomas, often 
irradiate large areas of haemopoietic bone marrow. The ab- 
sorbed doses received by the marrow are close to the 
tolerance level. 

Quantitative scanning of the bone marrow, using >?Fe and 
a digital whole-body scanner, has been carried out in a 
series of 22 patients treated by radiotherapy up to nine years 
previously in order to assess the extent and recovery of their 
erythropoietic marrow. 

The results showed large variations from patient to 
patient; in some patients the iron uptake in the marrow re- 
turned to near normal levels in two to three years, while in 
others the uptake remained suppressed after seven to eight 
years. The tolerance dose for the bone marrow appeared to 
be about 1100 ret. There was some evidence of a more rapid 
recovery of erythropoietic function in males than females, 
but no evidence to show that age of patient, type of disease 
or whether chemotherapy had been used influenced the 
results. Patients who showed a decreased iron uptake in an 
irradiated region of marrow generally showed a compensat- 
ing increased uptake in unirradiated regions, which in some 
cases was associated with anaemia. 


Large X-ray fields are now commonly used in the 
radiotherapy of patients with Hodgkin’s disease and 
other lymphomas. Such large fields, which are de- 
signed to irradiate the major lymph node areas to 
high doses (over 3000 rad in about four weeks), also 
irradiate major areas of haemopoietic tissue in adult 
patients. The absorbed doses received by the bone 
marrow are very close to the tolerance dose reported 
by Sykes et al. (1964). The work of these authors 
was based upon sternal aspirations in localized breast 
cancer in patients who had received doses up to 6000 
rad in six weeks. Above 3000 rad in three weeks 
(1140 ret), 54 of 56 patients showed little or no 
marrow regeneration in the sternum. Vogel et al. 
(1968) also have demonstrated decreased bone- 
marrow reserve in patients who have undergone ex- 
tensive radiotherapy. The depressive effect of ir- 
radiation on the marrow has been demonstrated, by 
qualitative scanning of radiopharmaceuticals that are 
taken up in the marrow, by a number of authors who 
have noted the time lapse before the marrow uptake 
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re-appears on a scan. Bell ef al. (1969) and Rubin et 
al. (1973) used 99Tc™-S colloid and concluded that 
the reticulo-endothelial activity of the marrow re- 
mained depressed for one to two years following a 
fractionated course of radiotherapy. DeGowin ef al. 
(1974) used 59Fed to visualize the marrow and came 
to similar conclusions on the time of depression of 
erythropoietic activity. 

The purpose of the present study was to assess, by 
quantitative scanning of the marrow using 5?Fe, the 
extent and percentage recovery of the erythropoietic 
marrow in patients at various periods after irradi- 
ation and to measure the effect on the marrow up- 
take in the unirradiated areas. The importance of 
assessing the state of the irradiated marrow is also of 
relevance when chemotherapy is subsequently con- 
sidered as this may be an important factor in deter- 
mining the tolerance of the patient (Curran and 
Johnson, 1970; Hoogstratten et al., 1973). 


METHOD OF STUDY 

Two groups of patients were studied: (a) a control 
group of 17 patients with malignant disease but with 
normal bone-marrow biopsies and blood counts, who 
had had neither radiotherapy nor chemotherapy, and 
(b) a “treatment” group of 22 patients who had had 
previous large field irradiation of 3000-4000 rad in 
about three to four weeks (1030-1300 ret) with either 
60Co y rays or 6 MeV X rays. The majority of these 
patients had a diagnosis of Hodgkin’s disease or 
other lymphoma and the radiotherapy was normally 
either with “mantle” fields which included cervical, 
supraclavicular, axillary and mediastinal lymph 
nodes or with “inverted Y” fields which included 
para-aortic, pelvic and inguinal nodes. Some 
patients had both mantle and inverted Y fields and 
with some only one side of the inguinal node area 
was irradiated (‘‘dog-leg” field). A summary of the 
diagnosis and radiotherapy treatment for the treat- 
ment group is given in Table I. 

All patients were given an intravenous injection 
of 70 pCi 52Fe (from the MRC Cyclotron Unit, 
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TABLE I 
52Fe uptake 
Radiotherapy (% normal) 
Haemoglobin at 
Time elapsed | Chemotherapy | Treated | Untreated time of scan 
Diagnosis Area* | NSD (ret) (years) (yes or no) area area (g/l) 
H.D 1 1595+ 0 Y 0-10 150 90 
HLD. Mantle 1155 0 N 0-10 170 118 
HD Chest | 1211} 6 y | 40-60 100 89 
H.D Mantle 1206 8 N 80-100 
H.D Mantle 1368+ 3 Y 80-100 
| Inv. Y 1180} 3 80-100 
HD Inv. Y 1128 1 Y 0-20 
Lymphoma | Inv. Y | 1097 6 O N 10-20 
H.D. | Mantle | 1032 3 T N 80-100 
M, 20 HD, Mantle 1313 24 Y 60-80 
F, 47 HD. 2 1097+ 5 Y 50-70 
stomach 
F, $2 Ca Pelvis 1113+ 4 N 10-20 
ovary 
M, 41 Gat Inv. Y 1217 1 N 10-20 
lymphoma 
F,40 | Lymphoma | Inv. Y 1176 1} Y 30-40 
*, 30 HLD, Mantle 1232 6 N 10-20 
M, 28 H.D. Mantle 1251 52 N 80-100 
Inv. Y 1228 64 45-55 
M,33 | Seminoma | Dog-leg 1209 43 N 40-60 
Mantle 1055 4} 40-60 
M, 42 | Teratoma | Dog-leg 1333 2} N 0--20 
F, 22 H.D. Mantle 1196 i N 10-20 
M,69 | Seminoma | Dog-leg 1053 64 N 70-80 
M, 26 H.D. 3 1088 2 N 40-60 
M, 58 | Lymphoma | Inv. Y 1128 4 N 20-30 
F, 30 FLD Mantle 1203 9 N 70-80 
inv. Y 1178 84 60-70 









*Mantle = mediastinal, cervical, supraclavicular +-axillary nodes 
Tov, Y «para-aortic, inguinal + pelvic nodes 

Deg-leg= para-aortic +- one side of inguinal + pelvic nodes 

1 |umbo-sacral spine + para-aortic nodes 

tomach -+ para-aortic nodes 

santle + para-aortic nodes 

+Estimate from incomplete radiotherapy data. 

{Not available. 

H.D, = Hodgkin’s disease, 
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Fic. 1. 


Microfilm isocount displays of digital scans 20 hours after intravenous administration of °F e, (a) Scan of patient treated with 
“inverted Y” field one year previously. (B) Normal pattern showing uptake in spine, pelvis and rib cage. (c) Scan of patient 
treated with ‘“‘mantle’’ field six years previously. 


Hammersmith Hospital) and were scanned approxi- 
mately 20 hours later. The resulting absorbed doses 
to different organs from this activity are given in a 
previous paper (Lillicrap et al., 1976). The scanner, 
which is a dual-headed whole-body scanner situated 
in a low background area, has also been described 
previously (Cottrall et al., 1973). The digital output 
from the scanner is fed into a CDC 7600 computer 
which produces a matrix of counts (the summed out- 
put from the two detectors at 2 cm intervals) over 
the patient, corrected for background. A microfilm 
isocount display of the numerical data is also pro- 
duced. Three such displays for different patients are 
shown in Fig. 1. 

The numerical data were examined as follows: 

(1) A check was made that the total counts on the 
scan per Ci at the time of scanning was constant 
within +10% for all patients. This indicated that 
little activity had been excreted by the patient in the 
period before the scan. A weighed aliquot of the in- 
jected dose counted at the same time as the scan 
served as a standard to allow for corrections for 
physical decay and instrumental drift. 

(2) Several small (approximately 5 cm square) 
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areas were picked out from the scan matrix. These 
corresponded anatomically to upper, middle and 
lower spine, sacrum and right and left pelvis. The 
average count in each of these areas was expressed as 
a percentage of the total counts in the scan. For the 
group of patients with a normal bone marrow picture 
the mean value for the group and the range in each 
area was found. For the patients who had received 
radiotherapy the count values for each area were 
then expressed as percentages of normal. 

(3) The isocount displays were examined for any 
obvious changes in marrow distribution such as ex- 
tension of the uptake to the long bones or to the 
skull. 


RESULTS AND DISCUSSION 

In several patients it was found that uptake of 
52Fe in areas treated by radiotherapy was very much 
reduced even several years after the completion of 
treatment. Figure 1 (A and c) shows the scans of two 
patients, one treated six years previously with a 
“mantle” and the other treated one year previously 
with an “inverted Y” field. The results for all the 
patients studied are shown in Fig. 2. Since some 
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Graph of iron uptake (expressed as percentage of normal up- 
take) in irradiated areas as a function of time after irradiation 
for 22 patients (26 sites). 


patients had more than one area treated (e.g. both 
mantle and inverted Y fields), this graph gives the 
extent of marrow recovery in irradiated areas. The 
limits on the points are the estimated errors due to 
statistical fluctuations, background levels and vari- 
ation from patient to patient. It can be seen that 
while for some patients the uptake in the marrow 
returns to near normal levels in two to three years 
after irradiation, in other patients the uptake re- 
mains suppressed up to seven years later. Fifteen of 
the 19 areas scanned two years or more after radio- 
therapy showed at least 40°% of the normal uptake 
in the marrow while only three of the 19 irradiated 
areas showed no appreciable uptake at all. 

However, only eight of the 19 treated areas in this 
time period showed an uptake in excess of 70°% of 
the normal value which for the present evaluation 
may be taken as an effective full return to normal 
values for erythropoietic function. These results are 
similar to those of Rubin et al. (1973) who, in a series 
of 27 patients, reported, from qualitative scanning of 
Tem sulphur colloid, that some reticulo-endo- 
thelial activity of the marrow had returned after a 
two year period in about 85%, of the patients follow- 
ing absorbed doses of about 4000 rad. 

in order to see whether there is any correlation 
between the marrow recovery rate and any treat- 
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ment parameter or patient characteristic, various 
details of the patients and their treatments were 
examined and are tabulated in Table I. The Ellis 
(1968; 1971) nominal standard doses (NSD) are 
used as the parameters to compare treatments which 
sometimes include rest periods. From the work of 
Sykes et al. (1964) it would appear that 1100 ret to 
the marrow was the tolerance dose for their patients 
beyond which no marrow regeneration was ob- 
served, In the present series of patients, as the fastest 
return to normal marrow uptake is observed in 
about two years, patients who were irradiated more 
than two years previously have been examined to 
distinguish between those with a normal marrow up- 
take and those with a retarded marrow recovery or 
permanently damaged marrow. In this time period 
there are ten patients (13 areas) who had received 
more than 1100 ret, and six patients (six areas) who 
had received less than 1100 ret. Six of the 13 areas 
which received more than 1100 ret showed at least 
70% of the normal marrow uptake and two of the 
six areas which received less than 1100 ret showed 
this uptake. It is seen therefore that there is no 
sharp break at 1100 ret in the ability of the marrow 
to recover, and these results are broadly in agree- 
ment with those of Sykes et al. (1964) that the 
tolerance dose is about 1100 ret but that individual 
variations occur among patients. Within the narrow 
range of NSD observed (about 300 ret) centred 
around 1150 ret the ability of the marrow to recover 
is variable. The observations of Sykes et al. (1964) 
covered a much wider range of NSD from 700 to 
1700 ret with only a few patients near the tolerance 
level. 

As all the patients in this series have had marrow 
irradiation close to the tolerance dose the data have 
been examined to observe whether any other factor 
appears to influence the ability of the erythropoietic 
marrow to recover. Seven of the patients had a course 
of chemotherapy either prior to or immediately 
following their course of radiotherapy. They all re- 
ceived similar NSD’s to the non-chemotherapy 
patients with a similar proportion showing re- 
covery of marrow uptake. However, the data in this 
area are sparse and only the general conclusion can 
be drawn that the difference between the two sets of 
patients is not great. Curran and Johnson (1970) 
have examined tolerance to chemotherapy in a series 
of patients developing relapse of disease after pri- 
mary treatment with radiotherapy. They report that 
chemotherapy tolerance improves with time after ex- 
tensive radiotherapy. They conclude that the relative 
intolerance to chemotherapy extends well beyond 
six months after irradiation and that the return of 
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peripheral blood counts to normal does not neces- 
sarily predict a normal bone marrow reserve. Thus, 
if erythopoietic bone-marrow scanning proves to be 
a more reliable indicator of bone marrow reserve, 
then such a scan may be of value in assessing poten- 
tial tolerance to chemotherapy in those patients who 
have had a relapse of disease after previous radio- 
therapy. 

Androgens, which have been used to encourage 
the recovery of marrow in patients with aplastic 
anaemia (Sanchez-Medal et al., 1969), may also 
influence the ability of the marrow to recover after 
radiotherapy in males. In Fig. 2, a distinction is 
made between the results for male and female 
patients, and a crude mean recovery curve is also 
shown. Of the eight points which lie considerably 
below this curve five refer to females, while six of the 
seven points which lie considerably above refer to 
males. Thus, there would appear with these few 
patients to be some suggestion of a more rapid re- 
covery of erythropoietic function in males. 

The effect of age and disease type has also been 
considered. No correlation was observed with either 
parameter except that the three patients showing the 
most rapid return to normal uptake values were 
three young males with Hodgkin’s disease aged 15, 
20 and 26. 

In the patients who showed a decreased marrow 
uptake in the irradiated region there was generally a 
compensating increased uptake of 52Fe in the areas of 
unirradiated erythropoietic marrow. This effect is 
shown in the penultimate column of Table I where 
patients who had either thoracic or abdominal ir- 
radiation are tabulated with the typical uptakes in 
both the irradiated and unirradiated areas given as 
percentages of normal. In none of these patients was 
there any extension of the uptake of 5#Fe beyond the 
normal limits in the adult. Thus it would appear that 
where part of the normal distribution of erythro- 
poietic narrow is damaged by irradiation, there is an 
increase in the iron uptake in the unirradiated 
erythropoietic marrow, and not an extension of ac- 
tivity to include the long bones of the skeleton. The 
final column of Table I shows relevant haemoglobin 
values. It can be seen that increased uptake of *°Fe 
in unirradiated areas, which may reflect increased 
erythropoietin activity in the patient, does not neces- 
sarily result from anaemia. 

In one case extension of the marrow uptake to the 
femora and the knees was observed. However, as 
this was a patient of 15 years this may well have been 
consistent with his age. In none of the cases studied 
was there any evidence of extramedullary haemo- 
poiesis. 


r 
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CONCLUSIONS 

The present clinical study of erythropoietic 
marrow using 52Fe has led to the following con- 
clusions: 

(1) The normal tumouricidal dose of about 1100 
ret in patients receiving large field radiotherapy is 
close to the tolerance dose for erythropoietic marrow 
recovery. The tolerance level varies from patient to 
patient with males appearing to have aslightly higher 
tolerance level than females. 

(2) One year appears to be the minimum time 
before the marrow uptake of iron begins to recover. 

(3) When one section of the normal erythro- 
poietic marrow is irradiated resulting in a suppression 
of the iron uptake, there is a compensating increase 
in iron uptake in the remaining unirradiated ery- 
thropoietic marrow. No extension of uptake outside 
the normal adult distribution of erythropoietic mar- 
row was observed. 

(4) When patients return for chemotherapy with 
relapse of disease following radiotherapy, a quantita- 
tive erythropoietic marrow scan may prove a useful 
guide to chemotherapy tolerance. 
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ABSTRACT 

A plethysmograph has been developed to measure pul- 
monary function in mice after single doses of X rays to both 
lungs. The apparatus consists of a whole-body airtight 
chamber fitted with a Lavalier microphone. The micro- 
phone acts as a sensitive electrical capacitance manometer 
converting pressure changes in the chamber into an elec- 
trical signal which is electronically processed and recorded 
on a pen recorder. Two parameters of lung function were 
simultaneously monitored, breathing rate and amplitude. 

Lung function has been tested in male CBA mice aged 
two to six months and in animals which have received 
graded X-ray doses to both lungs, No diurnal rhythm or age- 
related increase has been observed up to six months in 
control mice. The two lung-function parameters exhibited a 
dose-dependent response in irradiated lungs tested 16 weeks 
after irradiation; the response was reproducible in succes- 
sive experiments. Respiration rate was increased above a 
threshold dose of 11 Gy (1100 rad), while amplitude de- 
creased, also with a threshold at 11 Gy. These changes were 
observed before histological evidence of fibrosis became 
apparent and before pulmonary insufficiency led to deaths in 
the higher dose groups. 

he measurement of lung function by plethysmography is 
an alternative to lethality for assessing radiation damage in 
the lungs of small animals. The technique is non-destruc- 
tive, responding to lower doses than LDso, and allows 
quantitative assessment of sequential changes in the lungs in 
each mouse over long post-irradiation times. 


New quantitative endpoints for the assessment of 
normal tissue injury after irradiation are being de- 
veloped by an increasing number of investigators 
(Chauser et al., 1976; Glatstein et al., 1975; Hayashi 
and Suit, 1971; Hirst et al., 1977; Hopewell, 1975; 
Stewart, 1977; Van der Kogel et al., 1977; Vatistas 
and Hornsey, 1966; White and Hornsey, 1977; 
Withers, 1967; Withers and Elkind, 1969). Because 
radiation damage to normal tissues is the dose- 
limiting factor in radiotherapy it is important that 
endpoints should be established which enable injury, 
particularly late injury, to be quantitated. Many of 
the techniques presently available are invasive or 
involve sacrifice of the animal. Functional assays 
which permit sequential assessment of injury in the 
same groups of animals over a period of time are 
available for only a few organs in small laboratory 
animals. 

The present study reports a new non-invasive 
technique of measuring changes in pulmonary func- 
tion after irradiation of both lungs of mice. 


er Research Campaign, Mount Vernon Hospital, Northwood, Middlesex H16 2RN 
* Royal Post Graduate Medical School, Hammersmith Hospital, Du Cane Road, 


MATERIALS AND METHODS 
Experimental animals and radiation procedures 

Lung function was tested in mice in which both 
lungs were irradiated and in sham-irradiated con- 
trols. Male CBA/Ht mice, 10-12 weeks old, were 
given single doses of X rays ranging from 8 to 20 Gy. 
Radiation was delivered with a 250 kV X-ray unit, 
operated at 240 kV with an HVT of 1.3 mm Cu at 
a target skin distance of 20 cm. The dose rate 
was 3.65 Gy per min. Four mice were irradiated 
simultaneously on a specially constructed jig. The 
total dose was delivered within four to ten minutes in 
four equal increments with the jig rotated 90 deg 
after each increment to allow for a constant 10% 
dose-difference between the four irradiation posi- 
tions. Both lungs were irradiated through two 
anterior 20X15 mm apertures in a 3.0 mm thick 
lead shield which protected the remainder of the 
body. Structures in the thoracic mid-line were also 
protected by a 1.0 mm wide strip in the lead shield 
separating the two lung fields. Perspex pillars fixed 
to the base of the jig kept the mouse in a supine non- 
rotated position and held the rib cage in position 
with respect to the radiation fields. This positioning 
was checked in some animals by radiographs which 
showed that less than 5% of the total volume of lung 
was protected by the mid-line shield. Dose distribu- 
tion in the lung was checked using thermolumin- 
escent dosimeters in dead mice. 

The mice were anaesthetized before irradiation 
with sodium pentobarbital (60 mg/kg) given intra- 
peritoneally. Megimide (15 mg) was given to each 
mouse after irradiation to speed recovery from the 
anaesthetic. 

Pulmonary function was measured at monthly 
intervals up to 26 weeks in the control group and at 
16 weeks in the irradiated groups. A specially con- 
structed total body plethysmograph, described 
below, was used to assess pulmonary function. 


Equipment and electronics 
i i : ? i 
The changes in thoracic gas volume during respir- 
ation can be measured by using a whole-body 
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plethysmograph and a sensitive electrical capacitance 
manometer. The design of the apparatus used in the 
present experiments was based on the larger appar- 
atus commonly used for measuring lung function in 
human subjects. 

The plethysmograph was a clear Perspex airtight 
cylinder with a volume of 125 cm, both ends of 
which could be opened (Fig. 1). One end was fitted 
with a wire mesh screen and, immediately outside it, 
a hinged door. This allowed the cylinder to be 
opened without releasing the mouse. The mouse was 
placed in the chamber at the opposite end which was 
then closed by a removable door. ‘The chamber was 
airtight when both ends were closed. 

The pressure transducer was a modified Lavalier 
microphone (Mytex TMX 1250) which acted as the 
electrical capacitance manometer. The microphone 
was housed in the removable door of the chamber 
and responded to pressure changes in the whole 
chamber. One side of the microphone diaphragm 
was exposed and in direct contact with the gas in the 
chamber. The other side of the diaphragm was main- 
tained in pressure equilibrium with the atmosphere 
through a narrow tube which had a high acoustic 
impedance except at very low frequencies. The dia- 
phragm and a fixed backplate formed a capacitor. 
Capacitance changes were translated into voltage 
changes by having a permanent electrical charge im- 
pressed on the diaphragm (electret element; Fraim 
and Murphy, 1970). These voltage changes were 
amplified by a high impedance buffer amplifier close 
to the capsule. The overall frequency response was 





Fic. 1. 


The plethysmograph shown with both ends open. The pres- 

sure transducer is located in the centre of the removable 

door at the far end. Wire mesh screen and a hinged door are 

at the opposite end allowing the chamber to be opened with- 
out releasing the mouse. 
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determined by the input impedance of the amplifier 
(> 10!9Q) and by the dimensions of the tube for 
pressure equalization. The low frequency cut-off ( — 3 
dB) of the modified microphone unit was 1.2 Hz. 

Initial experiments with the transducer indicated 
that further filtering was required to remove inter- 
fering signals that were not associated with respira- 
tion. It was also determined that the breathing rate 
of the mice was in the range 4-10 Hz. This is a 
higher value than reported in the literature but it has 
been checked by further experiments. The signal 
was therefore electrically filtered to exclude fre- 
quency components below about 3.3 Hz (arising due 
to movement, temperature changes, etc.) and above 
about 11 Hz (due to sounds of scratching, sniffing, 
etc.). From measurements on unfiltered signals it 
was found that a rate of 24 dB per octave would be 
necessary for the high-pass filter while a 12 dB per 
octave low-pass filter would be sufficient. To obtain 
the optimum characteristics the final response was 
trimmed to provide minimum overshoot consistent 
with the required cut-off slopes as this was con- 
sidered more important than the precise cut-off 
frequency. The resulting filtered signal could be 
monitored on an oscilloscope or a chart recorder at 
this stage. The action of the filters on the signal from 
the transducer is shown in Fig. 2. 


TRANSDUCER OUTPUT (1) 











FILTER QUTPUT (2) 








RATEMETER, INPUT (3) 
1 
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Typical waveforms obtained from the plethysmograph. The 
waveform numbers refer to various points in the circuit indi- 
cated in Fig. 3. The top trace (1) is a typical output from the 
transducer showing a slow component due to movement of 
the animal. In the filtered output (2) only the fast component 
(~5 Hz) is present. This signal was converted to a pulse 
waveform by the zero-crossing detector (3) suitable for 
frequency measurement. 
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A diagram of the modified transducer and elec- 
tronic processing equipment is shown in Fig. 3. This 
system provides a simultaneous record of the rate 
and amplitude of pressure changes in the chamber 
which were due to the respiration of the mouse. The 
rate signal was calibrated with an oscillator in 1 Hz 
increments from 1 to 10 Hz, enabling the reading on 
the chart paper to be converted to Hz which corres- 
ponded to breaths per second. The amplitude signal 
was not calibrated and its magnitude was recorded 
directly in chart units, 


Testing procedure 

All mice were allowed to settle in the chamber for 
4 to 1 min before the ends were closed and measure- 
ments recorded. However, after the mice had been 
in the chamber several times, the settling period was 
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less than 4 min. At no time did the mice appear 
stressed in the chamber and they voluntarily entered 
the chamber with no assistance after several experi- 
ences in the chamber. 

Continuous measurements were made for two 
min after closing the chamber. If sufficient data 
had not been obtained in this time air was allowed to 
enter the chamber and the measurements were 
repeated. It was often necessary to repeat the 
measurements before the mice became accustomed 
to the chamber; after this time the data were obtained 
in the first testing period. The average of the resting 
data for both parameters was read from the trace 
between 1 and 2 min of testing. A minimum period 
of 15 sec was regarded as a reliable trace and usually 
much more than this was obtained in the testing 
period. 
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Fic, 3. 
Block diagram of processing electronics, The filters were of the Sallen and Key configuration, 
Butterworth response (Tobey et al., 1971); their frequency response is shown in the bottom left. 
The peak detector was a precision half-w ave rectifier circuit followed by a variable time-constant 
integrator (20 ms-—1 s). The rate-meter was based on a diode-transistor pump circuit (Anderson, 


1972) with the output time constant also variable (100 ms-1 s). 
~100 mV on the amplitude output and 70 mV Hz- on the rate output. 


Typical output levels were 
The clipped output 


could be fed to an external ratemeter. The numbers 1, 2 and 3 refer to the waveforms in Fig. 2. 
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9 Control 9 


Chart units 





3 
0 5 10cm 0 5 10cm 
Fic. 4. 
Pen recorder tracings from a sham irradiated mouse and a mouse given 20 Gy to both lungs. Testing time was 16 weeks 
after irradiation. The upper tracings represent the amplitude of pressure changes in the chamber, the lower the rate of 
pressure changes. The area between the dotted lines on each trace indicates the range of resting values from which the mean 
was calculated. The peaks represent animal movement which could not be electronically removed. Amplitude data were 
recorded in arbitrary chart units as indicated; the rate data were converted to Hz which corresponded to breaths per second. 
All rate data were expressed in breaths per minute. In this example, the rate of breathing was 330 (4.3 chart units) and 
480 (3.8 chart units) breaths per minute for the control and irradiated mice respectively. The traces represent a time of 
1.5 min; chart speed was 5 cm per min (bottom axis). 


RESULTS urnal or an age related change. At 16 weeks after 
An example of the raw data from the chart irradiation the breathing rate progressively in- 
recorder is shown in Fig. 4 for a sham-irradiated creased after doses to both lungs greater than 11 Gy 
mouse and for a mouse tested at 16 weeks after as shown in Fig. 5. Although the breathing rate of 
20 Gy. The lower trace represents the rate and the mice given only 11 Gy to both lungs exhibited a 
upper the amplitude. Some animal motion produced slight increase, this increase was not significant com- 
unwanted signals which were in the frequency range pared to the controls. A dose of 8 Gy produced no 
of interest. Because it was not feasible to eliminate change in rate. The results from two separate experi- 
these signals, fluctuations are apparent in the traces ments are plotted in Fig. 5. There were no signifi- 
of both signals. The operator marked the trace to cant differences in breathing rate between the two 
indicate when a mouse was at rest, so that spurious experiments in any dose group. 
fluctuations were not incorporated into the data The amplitude exhibited the opposite dose-de- 
analysis. In this example the rates of breathing were pendent pattern to the rate, decreasing with in- 
330 and 480 breaths per min for the control and creasing dose, z.e. breathing became more shallow as 
irradiated mice respectively, z.e. 5.5 and 8.0 Hz. The it became faster (Fig. 6). Dose-effect curves were 
amplitudes were 7.9 and 6.9 arbitrary units res- again obtained with a threshold at 11 Gy. Dose- 
pectively. It is clear that significant changes occur in response curves from the second experiment ex- 
both of these functional parameters after irradiation. hibited the same pattern as the first although there 
The breathing rate of unanaesthetized sham-irradi- | was more scatter in the data. In addition, there were 
ated CBA mice varied from 321 to 350 breaths per significant differences between the two experiments 
min (4454) between 9 am and 5 pm on five con- at two points, control and 8 Gy. During measure- 
secutive days. A larger variation was seen from three ment of the 8 Gy group at 16 weeks it was found that 
to nine months in this same group, ranging from 300 clamping the end door more tightly caused a 10% 
to 350 breaths per min (--8%). These variations increase in the amplitude reading. Subsequently, a 
did not appear to reflect a trend due either to a di- stronger spring and new O-ring seal around the door 


70 


Jaxvary 1979 


A plethysmographic method for measuring function in locally irradiated mouse lung 


475 


450 


425 


400 


375 


Breathing frequency (breaths per minute) 


350 f- 


325 


Dose (Gy) 


Fic. 5. 
Breathing frequency as a function of radiation dose at 16 
weeks after irradiation, showing a progressive increase in 
rate with dose with a threshold at 11 Gy. The results from 
two experiments are plotted; there was no significant differ- 
ence in breathing rate at any dose between the two experi- 
ments, Each dose point represents the mean of 10 mice in 
one experiment (@) and 7 in the other (a). Error bars are 

1SE 


AVE. 


were introduced. In addition, the amplitude signal 
was routinely checked by testing the same control 
mouse as a “standard” before testing the experi- 
mental groups; i.e. several times per day. If his 
amplitude had changed significantly, the system was 
checked for air leaks or electronics problems and 
rectified before further use. This occurred at inter- 
vals of a few months when the O-ring seal became 
deformed. 


DISCUSSION 

Total body plethysmography is often used to 
measure pulmonary function in human subjects 
(Bedell et al., 1956; Comroe et al., 1959; Du Bois, 
1959; Du Bois et al., 1956a; Schmidt and Cohn, 
1961). Two parameters of lung function in mice 
were simultaneously monitored in this study, respir- 
ation rate and pressure amplitude. The ratemeter 





Amplitude (chart units) 





Dose ( Gy) 


Fic. 6. 
Amplitude of breathing at 16 weeks after graded X-ray doses 
to both lungs, showing a reduction with increasing dose. 
Data are from the same mice for which breathing rate is 
plotted in Fig. 5; the symbols correspond to the two experi- 
ments plotted in Fig. 5. Error bars represent 1 SEM, Signifi- 
cant differences are evident in the sham and 8 Gy group 
between the two experiments; a minor air leak found in the 
chamber probably contributed to these differences. 


output was accurately converted to breaths per 
min by calibrating the equipment with an oscil- 
lator. The mean breathing frequency of 328 breaths 
per min in control mice is higher than previously 
reported values for mice, 160 and 190 breaths per 
min with ranges of 60-230 and 97-123 respect- 
ively (Spector, 1956; Crosfill and Widdicombe, 
1961). However, breathing frequency is strain 
dependent and often sex dependent, factors which 
were not reported in the previous studies (Travis 
et al., in preparation). Another factor which might 
be expected to increase breathing rate is stress. Sub- 
jectively the mice appeared unstressed in the cham- 
ber. Further experiments have also shown that 
breathing rate is decreased rather than increased as a 
result of swimming stress. These findings suggest 
that the higher rates measured in this study were not 
due to stress. Because of the discrepancy between 
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our value for breathing frequency and those previ- 
ously reported, the value reported in this study has 
been confirmed by two other methods, one visually 
by high speed filming and one using a recording 
stethoscope. The latter simultaneously measured 
heart rate, which was approximately 2-3 times higher 
than the breathing rate. 

The amplitude signal, which was not calibrated, 
was subject to more technical problems than the rate 
signal. It was affected by small movements of the 
mouse and, although the signal was filtered to elimin- 
ate large movements, it was not feasible to eliminate 
all movement in the frequency range of interest. 
Therefore, mean values were more difficult to obtain 
for breathing amplitude than for rate. The amplitude 
signal was also affected by temperature and humidity 
changes after the mouse had been in the closed 
chamber for more than two min. An increase in 
either of these factors would cause an increase in 
pressure, therefore temperature and humidity were 
controlled by opening the chamber every two min 
during testing of an animal. This introduction of 
fresh air also eliminated the potential problem of Og 
depletion and COs accumulation in the closed 
chamber, changes which in themselves would affect 
breathing frequency and depth. Because the rate and 
amphtude of breathing were continuously recorded 
when a mouse was in the closed chamber, sudden 
changes in either signal were immediately visible on 
the chart paper. Few significant changes were 
observed in either trace during the two min of test- 
ing in any group of mice, irradiated or control, sug- 
gesting that the amount of Og depleted and CO. 
accumulated in this time had no significant effect. In 
a few traces a gradual small increase (of 5 to 10%) in 
rate was seen over the two min period, which may 
have been due to the increase in COs content. The 
value then used was the mean of the rate before and 
after the increase. 

Appendix 1 shows that the effect of COs accumu- 
lation would be expected to be possibly just signifi- 
cant, 

‘These observations are consistent with calculation 
of gas composition changes in the chamber based on 
the known rate of exchange of Ox and CO in normal 
human subjects. Applying these figures to mice 
having a respiration rate of 328 breaths per min, 
1.13%, of the available Og is converted to CQ» in 
1 min, 2.29% in 2 min and 3.2% in 3 min (Appendix 
1}, The amount of Os depleted and COz accumu- 
lated in 2 min would not cause changes in either 


functional parameter, as was indeed observed 
experimentally. 


Although lung gas volume and airway resistance 
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in patients can be calculated from plethysmographic 
measurements (Du Bois et al., 1956a; Du Bois et al., 
1956b; Bedell et al., 1956), the amplitude results in 
the present study are more difficult to interpret. The 
amplitude of the pressure signal is related to four 
lung parameters: airway resistance, ventilation, lung 
volume and the shape of the breathing cycle. A 
reduction in any one or combination of these four 
would cause a reduction in the amplitude of the 
pressure change. 

It is unlikely that airway resistance is decreased. 
Rather, airway resistance would be increased if fibro- 
sis were occurring, a histological change which has 
not been observed at 16 weeks in any of the dose 
groups. Although a change in airway resistance can- 
not be excluded, this parameter is the least likely 
contributor to the reduced amplitude observed. 

A more probable factor influencing amplitude is 
the shape of the breathing cycle. Normally the 
breathing cycle consists of a slow intake of air during 
inspiration followed by a rapid exhalation of air 
during expiration. One method of compensating for 
respiratory insufficiency is to optimize the breathing 
cycle to equal periods of steady flow during inspira- 
tion and expiration, thereby effectively reducing the 
amplitude of the pressure change in the plethysmo- 
graph, 

The most probable lung parameters reducing 
breathing amplitude in the present study are a reduc- 
tion in lung volume and ventilation. Decreased 
ventilation has been observed in dog lungs at 16 
weeks after irradiation, the time when amplitude was 
reduced in the present study (Teates, 1965). In both 
studies, this functional change occurred before 
histological evidence of fibrosis and during severe 
diffuse pulmonary oedema. The latter pathological 
change could cause a decrease in both lung volume 
and ventilation. 

In the present study, the amplitude signal repre- 
sents a complex of pulmonary functional parameters 
in the mouse but undoubtedly reflects the depth of 
breathing. Although none of the four functional 
parameters affecting amplitude can be isolated in the 
system used, it is reasonable to assume that the 
magnitude of change in any of these parameters 
would be constant within a group of mice receiving a 
specific dose. In addition, the relative contribution 
of each of these factors is not important for a dose- 
response curve, provided that each does depend 
upon the dose. 

Both rate and depth of breathing yield clear dose- 
response relationships at 16 weeks, A threshold dose 
of 11 Gy was observed for both effects. The dose 
response curves show a mirror image relationship of 
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the two parameters, respiration rate increasing while 
the depth of breathing proportionally decreased. At 
this post-irradiation time, the shapes of the two 
curves are not significantly different and may reflect 
the same pathological change. Rapid shallow breath- 
ing indicates a reduction in lung compliance. This 
breathing pattern effectively reduces the increased 
work of breathing resulting from stiffening of the 
lungs. Although decreased compliance is usually 
associated with fibrosis, rapid, shallow breathing was 
observed before the onset of fibrosis and during 
severe pulmonary oedema (Travis et al., 1978). A 
reduction in lung compliance has been reported 
during the oedematous phase of the radiation res- 
ponse in rat and dog lungs (Shrivastava et al., 1974). 
The doses used were similar to those used in the 
present study. It is likely that the rapid, shallow 
breathing pattern observed may be a compensatory 
response to decreased lung compliance due to 
oedema, the latter causing a concomitant reduction 
in lung volume, one of the factors which affect ampli- 
tude. Further investigations are being conducted to 
measure pulmonary compliance. 

If the relationship between breathing rate and 
depth observed at 16 weeks is true at other times 
after irradiation, it may be feasible to assess routinely 
only one of these parameters. Because the amplitude 
signal cannot be calibrated absolutely in the present 
system and because there are more fluctuations and 
scatter in the amplitude than in the breathing rate, 
the latter is the parameter of choice. 

The present tests indicate changes in rate and 
depth of breathing at earlier times and after lower 
doses than those used when death is the endpoint 
(Field and Hornsey, 1974; Hornsey et al., 1975; 
Phillips and Margolis, 1972; Steel et al., 1978). CBA 
mice exposed to 13 Gy to the whole thorax, a dose 
within the reported range of LDso values for pul- 
monary lethality in other strains, have all survived 
36 months (Travis et al., unpublished). The rate and 
depth of breathing had, however, changed signifi- 
cantly from control values by 16 weeks after 13 Gy. 
All mice given 16 Gy or higher doses were killed be- 
tween 15 and 20 weeks after irradiation because of 
respiratory distress, but significant changes in rate 
and depth of breathing were recorded for at least six 
weeks before killing. 

These functional changes therefore provide a 
useful new method for assessing pulmonary response 
of mice to radiation. The technique described not 
only responds at lower doses than LDsọ and is non- 
non-invasive, but is also a quantitative method. 
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APPENDIX | 
The following equations were used to calculate Os deple- 
tion and COs production in the chamber after various 
periods of respiration. 


Equation 1. Oz depletion 
nz (Oa) = no (O2) [i = (= us] j|” 
Fe J} 


Where: 
Z-=-number of breaths 
nz, (O2)}= amount of Oz or COs in chamber after Z breaths 
no=amount of Oz or COg in chamber at Z==0 
V y=tidal volume (volume of air exhaled) by a mouse 
(0.08 cm3, eq. 2 and 3) 
Fe= volume of chamber less the volume of the mouse 
(95 em) 
f-ratio of exhaled to inhaled Ov (16° /20%,) 


Equation 2, Calculation of Vr 


Minute volume (cm? air/min—Eq. 3) 


V y= = ; 
Breathing frequency (mean observed value} 





26.9 cm?jmin 
~~ 328 breaths/min 
Vy=0.08 cm3/breath 


Equation 3. Calculation of minute volume (Guyton, 1947). 

Minute volume = 2.10 x wt (gm) %7? 

Minute volume = 26.9 cm? for a 30 gm mouse 
Substituting in Eq. 1 and calculating vol. % of Oz and 

CO» in chamber 


Z: t (minutes)  nzjno Vol. “Oz Vol. ACO: 
0 0 l 20.99 0.03 
1 0.003 0.9998 
330 1 0.9461 19,86 1.13 
660 2 0.8950 18.79 2.20 
990 3 0.8468 17.77 3.22 
1650 5 0.7579 15.91 5.08 


Breathing rate would be expected to increase when 3 to 
5° of CO? had been accumulated. Even if the above times 
should be shortened by a factor of two, because the normal 
breathing rates of our mice were faster than those in the 
literature, no increase in rate due to COs would be expected 
until near the end of our test period. In practice the traces 
were flat between 1 and 2 min when the values were read off 
the chart. 
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During the last few years partial-body irradiation 
techniques have become more extensively used in 
several types of radiobiological experiments, such as 
studies of the radiosensitivity of individual organs 
and tumours, studies on the carcinogenic action of 
collimated radiation beams, etc. 

Such techniques entail the use of lead shields of 
various shapes, in order to achieve the best approxi- 
mation to the ideal of zero-dose in the shielded 
tissues. Unfortunately, scattered radiation coming 
from the adjacent unshielded parts of the body can- 
not be prevented from reaching the shielded regions 
and giving there a more or less significant dose. 

In order to undertake a detailed study of the 
resulting dose distribution in small animals such as 
mice, dosimeters with a very high spatial resolution 
are required. Thermoluminescent dosimeters (TLD) 
are very useful devices in this respect. Modern 
sintered TLDs (either pure or Teflon-mixed) are 
quite small and easy to handle. Some of them, such 
as LiF and BeO, are also tissue-equivalent, with an 
almost flat energy-response curve; this characteristic 
greatly reduces the need for correction factors to 
account for the change in quality of scattered radi- 
ation compared to primary radiation (Puite and 
Crebolder, 1974; Scarpa et al., 1975). 

Papers on the use of TL dosimeters in partial- 
body irradiations of small animals have recently been 
published by Bojtor et al. (1974; 1977). The present 
contribution is a brief description of the technique 
with results of a dosimetric study carried out in two 
practical cases of partial-body irradiation of mice. 


EXAMPLES OF PRACTICAL APPLICATION 

The first case is an open-beam irradiation with 
shielding of a hind leg. 

The aim of the experiment was to sterilize com- 
pletely the stem cell compartment of the hemo- 
lympho- and immuno-poietic systems of the mouse, 
but to save part of the same system for later irradi- 
ation with a defined radiation dose. 
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As shown in the insert of Fig. 1, the hind limb was 
simulated by a polythene tube (7.8 mm external 
diameter, 45 mm long) and shielded with an open- 
ended, 3 mm-thick, hemicylindrical lead tunnel 
resting on a lead platform of the same thickness. 
Several dosimeters were located in a row inside this 
leg phantom. As dosimeters square LiF chips were 
used (Victoreen § LiF) with dimensions 3.2 3.2 « 0.7 
mm, the specific gravity being 2.4 g/cm3. An average 
density around unity was obtained by spacing the 
dosimeters with 1 mm thick Styrofoam discs. 











RELATIVE DCSE (WHOLE BODY~ 100) 





j 


ae IAA: SENTEN AEREE E E EEIE A 
20 24 28 R2 3% 4 


0 en 44 
DISTANCE FROM INNER END OF SHIELD imm 
Fic. 1. 


Dose distribution along a shielded hind limb of a mouse. 

Anatomical points of reference (the bones of the leg, not 

actually present during the dosimetric measurements) and a 

longitudinal section of the leg phantom and shield are shown 
in the insert. 
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lhe rest of the body of the mouse was simulated 
with a PMMA (Perspex) phantom (the same as used 
in experiment 2 and shown in Fig. 3), in which other 
LiF dosimeters were positioned to evaluate the dose 
to unshielded parts: this dose was used as a refer- 
ence. 

The irradiation was carried out using an un- 
collimated, vertical beam, whose uniformity was 


within -+5° 


in the area to be occupied by the 
animals. 

The relative dose distribution along the shielded 
hind limb is illustrated in the graph of Fig. 1. The 
minimum dose is, obviously, in the central part of 
the shield, while the dose increases rather quickly 
near the two ends, due to scattered radiation. It 
follows that the role of primary radiation passing 
through the lead shield is almost negligible, except in 
the proximal half of tibia and fibula; in fact, the 
theoretical transmission of the X rays used in this 
study (250 kV, 0.5 mm Cu total filtration) through a 
3 mm-thick lead shield was calculated to be about 
0.6%, using Kramers’ theory for evaluating the 
spectral distribution of the filtered beam. 

It should be pointed out that the rising portion of 
the curve at distances above 25 mm could presum- 
ably have been eliminated if the lead shield had been 
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Dose distribution along the central axis of the body of a 

mouse irradiated in the thoracic region (see text). Insert: 

longitudinal section of the mouse phantom and of the lead 
shields. 
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extended to the right beyond the limit of the beam. 
The distinct asymmetry of the curve is readily 
explained by the fact that most of the scattered radi- 
ation comes from the mouse body (left side of the 
figure). 

A second series of dosimetric studies is concerned 
with irradiation of half the mouse thorax, in the con- 
text of experiments on induction of lung cancer. 

Ten mice were placed on a lead platform (i.e. a 
thick support giving minimum back-scattering) in a 
radial arrangement, heads towards the central axis. 
Most of the body of each mouse was covered by a 
4 mm-thick, half-cylindrical lead shield, in which a 
trapezoidal window allowed only one of the lungs to 


be irradiated. The dimensions of this window were: 





Fic. 3. 


Mouse phantom used for studying the distribution of dose 
in collimated lung irradiations. 





Fic, 4. 


Exploded view of the phantom, with all dosimeters and 
spacers used in each experiment. 
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major base 10 mm, minor base 4 mm, altitude 20 mm. 
Two more, partially overlapping, lead shields com- 
pleted the protection of each mouse from primary 
radiation, as can be seen in the insert of Fig. 2. 

The mouse phantom used for this study is shown 
in Fig. 3 and its longitudinal section in the insert of 
Fig. 2. Dosimeters were again LiF chips, 3.2 x 3.2x 
0.7 mm, individually calibrated and located 2.8 mm 
apart in the central channels (head and abdomen) 
and in the thoracic cavity of the phantom. The low 
density of lung tissue (around 0.2, according to un- 
published evaluations by Scarpa and Moscati) was 
simulated by using Styrofoam spacers. Figure 4 
shows an exploded view of the phantom, with all 
dosimeters and spacers. 

















Fic. 5. 
Dose distribution in the cross section of the mouse thorax. 
Inside diameter of the Perspex tube: 20 mm. Width of the 
window in the shield: 7 mm. 


The results of this experiment are plotted in 
Fig. 2. The relative dose drops quickly from thorax 
to abdomen and head, reaching very low values 
around 0.5% (theoretical transmission through 4 mm 
lead: 0.2%). The slight—but well beyond experi- 
mental error—increase in dose towards both ends of 
the curve is due to the effect of overlapping of the 
shields (see insert) on the primary radiation. 

An attempt was also made to study the dose 
distribution across the irradiated hemithorax. The 
thoracic cavity of the mouse phantom (diameter: 
20 mm) was filled with nine very thin Styrofoam 
layers placed parallel to the beam direction; 34 
dosimeters were then placed between the layers, in 
order to obtain a regular set of measuring points. 

The results of this experiment are shown in Fig. 5; 
the isodose curves were derived by graphical inter- 
polation of the experimental data. The high gradient 
of dose in the central region (mediastinum) is well 
demonstrated. The opposite lung receives a very low 
dose (2 to 4%), with the exception of its lower part 
where a significant increase in dose is apparent, prob- 
ably due to back-scattering from the underlying 
materials. 
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(Received March, 1978) 


A rupture of the abdominal aorta can exhibit the 
clinical and radiographic findings of a thoracic 
dissection. We wish to stress the need for arterio- 
graphic assessment of the entire aorta when thoracic 
aortic dissection or rupture is suspected. 


Case REPORT 

A 63-year-old man, six years after resection of an infra- 
renal aortic aneurysm and placement of an aorto-iliac 
Dacron by-pass graft, was hospitalized because of 36 hours 
of upper abdominal pain and chest pain radiating to the left 
shoulder. He had no measurable blood pressure and no 
palpable axillary or femoral pulses. With intravenous ad- 
ministration of fluid, pulses returned rapidly and blood 
pressure rose to 140/80. The patient’s neck veins were 
distended. There was a grade I/V I systolic ejection murmur. 


The abdomen was soft and non-tender with no pulsation or 
palpable mass, and anal sphincter tone was absent. The 
patient was areflexic below the umbilicus. 

Compared with a previous chest X-ray film (Fig. 1A) an 
A.P., portable chest X-ray film (Fig. 1B) revealed marked 
mediastinal widening and hydrothorax on the right. 

Arch aortography (Fig. 2a and B) performed via the right 
femoral approach disclosed some narrowing of the descend- 
ing thoracic aorta and a prominent soft-tissue mass adjacent 
to the descending aorta. No intercostal arteries could be 
identified above the level of T10. Except for tortuosity of the 
left subclavian artery, the aortic root, transverse aorta, and 
brachiocephalic vessels were normal. Because neither the 
lumen of a dissection nor a site of intimal tear was visible on 
the thoracic aortogram, an abdominal aortogram was ob- 
tained to attempt to demonstrate the re-entry site of the 
suspected dissection. An injection made at the level of the 
thoraco-abdominal junction (Fig. 3) revealed a ruptured 





Fic. 1. 
(A) Chest X-ray film obtained three years before admission. 


(B) Admission chest X-ray film showing marked mediastinal widening and right hydrothorax. 
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Fic. 2. 


(a) Arch aortogram in the left posterior oblique projection demonstrating a para-aortic mass. 


(B) Subtraction technique, right posterior oblique projection showing narrowing of the descending thoracic aorta. 


suprarenal abdominal aortic aneurysm and a large retro- 
peritoneal mass displacing the aorta to the left. Contrast 
medium extravasated from the right lateral aspect of the 
aneurysm. 

Because of the location and extent of the lesion, surgery 
was not attempted; the patient died. 

Post-mortem examination disclosed 2000 ml serosanguin- 
ous fluid in the right hemi-thorax. The thoracic aorta was 
tortuous and atherosclerotic. A 9x95 cm aneurysm 
occupied the abdominal aorta from just below the level of 
the diaphragm to the coeliac artery; a 3 mm perforation was 
present in the right lateral wall of the aneurysm. Via the 
perforation, the lumen of the aneurysm communicated with 
a partially organized haemorrhagic mass (approximately 
2000 cc) in the retroperitoneum, which extended through a 
diaphragmatic rupture into the mediastinum. There was no 
dissecting aneurysm of the thoracic aorta. 


DISCUSSION 
The radiographic sign of thoracic dissection most 
frequently seen on the plain chest X-ray film is 
widening of the mediastinum, often with a para- 
aortic mass that is less dense than the aorta itself 


(Dow et al., 1966; Dinsmore et al., 1972). This sign 
may be unreliable (Price et al., 1971); increase in 
aortic wall thickness can also be produced by fat, 
sclerosing aortitis, or neoplasm. In our patient the 
para-aortic mass was produced by blood that had 
entered the mediastinum from a ruptured abdominal 
aneurysm. 

On a thoracic aortogram the finding most con- 
sistent with thoracic dissection is compression of the 
true lumen of the aorta (Dinsmore et al., 1966; 
Shuford et al., 1969). In our case this compression 
was produced by mediastinal haematoma. If thoracic 
dissection is suspected, it is of paramount importance 
to demonstrate not only compression of the true 
channel of the aorta but also the location of the 
intimal tear and re-entry site of the dissection (Stein 
and Steinberg, 1968; Soto et al., 1972). Every 
attempt must be made to demonstrate the proximal 


, 
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Fic. 3. 


Abdominal aortogram demonstrating a suprarenal aortic 

aneurysm and displacement of the aorta to the left, consist- 

ent with a retroperitoneal mass. Contrast material extrav- 

asates (large arrow) from the right lateral aspect of the 
aneurysm. 


and distal aspects of the intimal tear. The entire 
aorta should be examined. Our case shows that a 
retroperitoneal haematoma dissecting into the medi- 
astinum can simulate a thoracic dissecting aneurysm. 
Although suprarenal aneurysms of the abdominal 
aorta, such as in our patient, are uncommon and 
have an extremely poor surgical prognosis (Graham 
et al., 1968; Rainer et al., 1973), dissection of blood 
into the mediastinum could also occur with rupture 
of an aneurysm located lower in the abdominal aorta, 
potentially a surgically reparable lesion. Steps taken 
to exclude thoracic dissecting aneurysm from the 
diagnosis will prevent an erroneous surgical ap- 
proach. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Report of a working party of the MCR isotope 
advisory panel on the application of the 10-day rule 
in radiopharmaceutical investigations 


THe Epiror—Sir, 

We have followed the correspondence in the columns of 
The British Journal of Radiology with great interest (Ellis et 
al., 1977, Croft and Maisey, 1978, Sear, 1978). There are 
many difficulties over implementing the ten-day recommend- 
ation in both radiology and nuclear medicine. The radiation 
doses involved in nuclear medicine diagnostic procedures 
are much smaller than those in radiology and the risks 
associated with them are very small indeed. Further, as in- 
deed the working party point out, the ten-day recommend- 
ation cannot be applied to the use of radioisotopes with 
relatively long half lives. 

In view of the correspondence on the subject we would 
suggest that the MRC isotope advisory panel reconsider 
their recommendation, taking more account of the practic- 
ability of applying it in the day to day diagnostic circum- 
stances, where everyone agrees the clinical considerations 
are paramount, 

We appreciate that there is a trend for increasing restric- 
tions, but would ask the MRC panel to take a more realistic 
approach and state that the ten-day recommendation is not 
applicable to diagnostic radioisotope investigation. 

Yours etc., 
A. S5. BLIGH, 
University of Wales. 
E. R. DAVIES. 
Bristol Royal Infirmary, 
Bristol BS2 8HW. 
V. R. McCrrapy. 
Royal Marsden Hospital, 
Downs Road, Sutton, Surrey. 
M. V. MERRICK, 
Western General Infirmary 
Edinburgh. 
M. D, SUMMERLING. 
X-ray Department, 
Royal Infirmary, 
Edinburgh. 
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The effect of high energy impurities on 
measurements of gamma-camera resolution and 
uniformity using °’Co flood sources 


‘THE Eprror—Sir, 

Commercially available 9*Co flood sources have small but 
important amounts of other cobalt isotopes present as im- 
purities and it will be shown that these impurities can have a 
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TABLE I 
PHYSICAL DATA OF COBALT ISOTOPES 























Principal y-ray energies in 
Isotope Half-life MeV 
58Co 77d 0; 0845-100%; | 
1:24-66% | 
5?Co 270d 0-122-89%, ; 0-136-8% ; | 
0-692-~-0-14%, 
58Co 71d 0-51-30%% ; 0-81-101%, | 
60Co 5-26y 1-17-100°%, ; 1:33--100¢; l 
| 





significant effect on gamma-camera resolution and uni- 
formity measurements. 

The y-ray energies and half-lives of the relevant cobalt 
isotopes are shown in Table I. 

The main radioactive impurities present in a 5’Co flood 
source are 98Co and ®8Co, and these isotopes produce y rays 
with energies greater than 0-5 MeV and have half-lives of 
around 70 days. Thus a new 7Co source will have a 
significantly higher proportion (typically up to 0:2%,) of 
these high-energy isotopes than a source that is, say, one 
year old. The ®°Co impurity is initially present in much 
smaller amounts, but the proportion present will slowly 
increase and may become significant if the source is several 
years old. 

A useful phantom for resolution checks is that designed by 
Anger (1973). This consists of a lead plate with sets of 
different diameter holes drilled in hexagonal arrays, the 
specified plate thickness being ẹ inch (1-6 mm). If an Anger 
phantom and a 7Co flood source are placed on a gamma 
camera fitted with a collimator, some of the high energy y- 
rays from the impurities will be Compton scattered in the 
lead plate, and a proportion of this scatter will appear in the 
energy “‘window”’ set around 122 keV. The ratio of the lead 
to hole areas in the Anger phantom is 17 to 1; thus, the 
scatter produced in the large area of lead from the high 
energy y rays will add significantly to the **Co y rays coming 
through the holes, even if the high energy y rays are a small 
percentage of the total. The production of scatter in the 
collimator septa from the high energy photons will also lead 
to a marked loss of resolution and contrast in the system. It 
has been found with a new 5 mCi 57Co flood source that even 
the 4 mm diameter hole pattern was barely visible when 
viewed on two modern gamma cameras (Elscint CE-1-7 
with CCL3 collimator; Searle Pho-Gamma 1201 with 37 
tube upgrade and LEAP collimator) whereas the 2 mm holes 
could be observed with a ®*Tc™ flood source. It was con- 
firmed that this effect was not due to count-rate differences, 
by varying the amount of ®89T'c™ in the flood source between 
2 mCi and 10 mCi. 

As expected, the influence of the high energy impurities 
became less with time and after about 300 days the °’Co 
flood source produced a well resolved image of the Anger 
phantom, although still inferior to that obtained with a To 
flood source. This apparent improvement in the resolution 
with the aging of the °‘Co has now been observed in several 
57Co flood sources. 

These effects were also observed with bar phantoms, 
although to a less pronounced degree, probably owing to the 
smaller area of lead in this type of phantom. 
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Field uniformity checks, which we also carry out with a 
collumator fitted, will also be influenced by the cobalt im- 
purities. The scattered photons produced by the interaction 
of the high-energy y rays with the collimator tend to smooth 
any non-uniformities present. In practice it has been found 
that the uniformities obtained using new 57Co flood sources 
are consistently better than those obtained when using old 
aCe or Tem flood sources. When using new 1Co flood 
sources the average uniformity was + 10°4, whereas with old 
37Co and 9°Tc™ flood sources the average was + 12°. These 

sults were obtained with a variety of sources on a number 
of different occasions. 

The age of the Co flood sources may also account for 
the fact that differences between uniformities obtained with 
Co and "Tem floods were observed by Hannan and 
Bessent (1974), and not observed by Jansson and Parker 
(1975). 

We feel that it is desirable to carry out all routine checks 
with a collimator fitted to the camera, for the following 
reasons : 

(1) the whole system is checked and any damage to the 
collimator is seen; 

(2) the risk of damaging the vulnerable crystal is elim- 

(3) 


inated ; 
time is saved in removing and replacing collimators. 

Ft is apparent that care must be taken in using 57Co flood 
sources to check the performance of the camera plus colli- 
mator system, An alternative commercial flood source 
employs }2°Te™, with a principal gamma energy of 159 keV 
and a half-life of 120 days. When an Anger phantom was 
used to assess camera resolution the !28’T'e™ flood source gave 
better results than ®7Co sources but slightly inferior results 
to those obtained using °"T'c™, The inferior performance of 
the 3'Te™ source is due to the presence of high-energy 
y rays from other isotopes present (17!'Te, 12?Te™). 











In conclusion, it would appear that the flood source of 
choice for the routine checking of gamma cameras is one 
employing 9Tc™. However, there are certain practical 
difficulties which should be considered. In addition to the 
inconvenience of using a liquid source of short half-life, a 
uniform distribution of activity must be achieved by ade- 
quate mixing and air bubbles should be avoided or be out- 
side the camera’s field of view. Also, if liquid sources are left 
filled for more than a few days, distortion can occur due to 
the absorption of water by the plastic material used in their 
construction. 

Yours, etc., 
R. W. Cranace, 
J. C. F. PERAKE. 
Department of Medical Physics, 
St. Luke’s Hospital, 
Guildford, Surrey GU1 INT. 
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Comparison of diagnostic techniques for the chest and mediastinum 


Abstracts of papers presented at a British Institute of Radiology meeting held on Thursday, March 16, 1978 at 
the Institute House, 32 Welbeck Street, London W1M 7PG 


Regional ventilation and perfusion compared with the chest X-rays in pulmonary disease, by J. P. Lavender. 


Computed tomography of the thorax, by L. Kreel 
Is arteriography out of date? by I, H. Kerr . 
Lung imaging with radioactive aerosols, by F. Fazio 


REGIONAL VENTILATION AND PERFUSION COMPARED 
WITH THE CHEST X-RAY IN PULMONARY DISEASE 


By J. P. Lavender 


Hammersmith Hospital, Ducane Road, London W12 0HS 


Images of regional perfusion by means of ®Te™ labelled 
particles have been available for a number of years but 
satisfactory comparative images of regional ventilation have 
only recently been developed. The use of the short-lived gas 
§1Kr™ available from the cyclotron produced 81Rb gener- 
ator enables detailed study of regional ventilation to be per- 
formed by a simple rapid technique at low radiation dose. 
Such sets of images of regional ventilation and perfusion are 
performed in various pulmonary diseases and have been 
compared with chest radiographs. 

With pulmonary embolic disease, defects of perfusion with 
normal ventilation is a pattern frequently associated with a 
normal chest radiograph. Changes in the vascular pattern 
can be detected in only a small proportion of such patients. 

Pneumonia, collapse and bronchial obstruction without 
pulmonary collapse are frequently associated with a relative 
maintenance of regional perfusion and absent ventilation. 
Parenchymal lung lesions such as those due to emphysema 
and bullae show matched defects of ventilation and per- 
fusion. A combination of these patterns may occur with 
multiple pathology. Pneumonia, infarction and pulmonary 
embolic disease without infarction can all co-exist in the 
same lung and detailed comparison of the chest radiograph 
and scan is necessary to elucidate these pathological patterns. 


COMPUTED TOMOGRAPHY OF THE THORAX 
By L. Kreel 


Northwick Park Hospital, Watford Road, Harrow 
Middlesex HAI 3UF 


Because of the greater sensitivity of computed tomography 
compared with conventional radiography, more detail shows 
on pulmonary examinations in normal and abnormal cases. 

Gravity perfusion and hypostatic changes become visible, 
pulmonary vessels in their natural unenhanced state show 
very densely, and on one section, by using different window 
settings, all tissues can be seen, including bone and sott 
tissues as well as lung. 

CT is the method of choice in dernonstrating metastases, 
especially if thoracotomy is being contemplated for the re- 
moval of a single lesion. In asbestosis, pleural plaques and 
interstitial disease are shown at an earlier stage or more 
markedly than on conventional radiography, and CT is in- 
valuable in the demonstration of mediastinal lesions, especi- 
ally lumph nodes and thymic tumours. 

Axial sections are particularly appropriate for radio- 
therapy planning and for monitoring chemotherapy. 
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IS ARTERIOGRAPHY OUT OF DATE? 
By I. H. Kerr 


Brompton Hospital, 
London, SW3 


In making the choice of investigation for a diagnostic prob- 
lem one must consider which method is the most effective, 
reliable, and definitive, the least unpleasant and dangerous, 
the quickest and the cheapest. The choice will be influenced 
by the importance of making the full diagnosis, of demon- 
strating the anatomy of the lesion and also by the urgency. 
Arteriography has hazards not shared by radio-active isotope 
studies or computerized tomography. Yet by aortography 
and pulmonary arteriography diagnostic information of im- - 
portance can be obtained which cannot be provided by the 
newer techniques. 

Aortography is indicated in patients with anatomical 
anomalies, aneurysms, dissections, traumatic rupture, 
coarctation and abnormal connections. 

Pulmonary arteriography should be performed in some 
cases of pulmonary embolism particularly if embolectomy is 
being considered, in arteriovenous fistulae, in some patients 
with pulmonary hypertension, in anomalous venous drain- 
age, pulmonary varices and pulmonary artery stenosis. 
Arteriography is not out of date in the investigation of the 
lungs and mediastinum. 


LUNG IMAGING WITH RADIOACTIVE AEROSOLS 
By F. Fazio 


MRC Cyclotron Unit and Department of Medicine, 
Hammersmith Hospital, London W12 OHS 


An assessment of regional ventilation can be useful for 
(a) improving the accuracy of the lung perfusion scan in the 
diagnosis of pulmonary embolism; (b) the early diagnosis 
and functional evaluation of chest diseases, particularly air- 
ways obstruction; (c) the differential diagnosis of emphy- 
sema and bronchitis. 

Continuous inhalation of 8!Kr™ should be considered the 
technique of choice for ventilation scanning (Fazio et al., 
1978). Unfortunately, the availability of §IRb->34Kr™ 
generators is limited by their relatively short half-life (4.6 
hours). Lung images can be obtained, in multiple views, 
following inhalation of radioactive aerosols. However, in 
patients with chronic airways obstruction, these images can 
show very peculiar patterns, which are still largely un- 
explained. Variability in deposition can also arise from 
differences in particle size, it being generally accepted that 
smaller particles penetrate deeper into the bronchial tree. In 
an attempt to control the diameter of the particles, the use 
of human albumin minimicropheres labelled with Tem 
(°°Tc™-HAMM) has been suggested. These particles can 
be delivered with a modified Venturi nebulizer, the mean 
diameter of the wet particles at the outflow of the nebulizer 
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being 0.5 a (range 0.2-2.5 u). Despite the rather small mean 
diameter, the images obtained with ®9T'c™-HAMM should 
be, on theoretical grounds, mainly representative of deposi- 
tion of the larger (2-2.5 p) particles contained in the prepara- 
tion. This is because most of the activity will be contained 
in these large particles, being proportional to particle surface 
area rather than diameter. In a co-operative study with 
colleagues at the Royal Free Hospital, the deposition of 
Tem- HAMM was compared in two normals and in six 
patients with chronic airflow obstruction, with that of a 
strictly monodispersed (2 4+0.3 p) aerosol. The latter is 
made of polystyrene particles produced by a spinning disc 
generator and labelled with 9°Tc™ (®"'T'c™-POLY). The two 
procedures were performed with an interval of 24 hours. 
Sik r™ ventilation scans and pulmonary functions test were 
performed on both occasions and confirmed the stability of 
the respiratory conditions. 

In the normal subjects the images obtained with °*Tc™— 
HAMM, %T'c®-POLY, and ®'kKr™ were almost identical, 
showing a uniform distribution of activity to the lung 
periphery. In the patient group the images obtained with 
Ts™HAMM and SPee- POLY showed a very in- 
homogeneous distribution of activity which was concentra- 
ted in “hot” spots scattered throughout the lungs, probably 
due to areas of bronchial deposition. Despite the very 
bizarre distribution, the images obtained with 9’Pc™ 
HAMM and ®°Tc™POLY were almost identical, as con- 


firmed by a quantitative computer comparison. In these 
patients, the 8! Kr™ ventilation scan had a more homogenous, 
non-spotty appearance. 

These data indicate that (a) radioactive aerosol tech- 
niques are reproducible in normals or patients. (b) the 
99°T'c™—-HAMM images are mainly representative of deposi- 
tion of the larger (2.0-2.5 u) particles, reflecting the fact 
that these contained most of the activity. The critical factor 
seems, therefore, to be the maximum diameter of the par- 
ticles, rather than the mean diameter. This should be kept 
in mind when developing techniques for aerosol irnaging. 
(c) Aerosol techniques yield, in the absence of airways 
obstruction, images which are fairly representative of 
regional ventilation. They can, therefore, be considered as a 
complement to lung perfusion scans for the diagnosis of 
pulmonary embolism. (d) The bronchial deposition ob- 
served in patients with airways obstruction can be used for 
the early detection of chest diasese. It is conceivable that this 
deposition would be reduced by using mono- or poly- 
dispersed aerosols with a maximum diameter not exceeding 
1.0% 
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The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and its associated bodies on the basis of charging at £1-00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(i.e. April 20, for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 


Street, London W1M 7PG. 


RADIOBIOLOGY MEETINGS 

The following meetings are scheduled at the Institute: 
“Radiation chemists talk to biologists”, January 19, 1979, It 
is expected that the majority of papers will convey the im- 
plications or applications of radiochemical and related 
studies in biology or medicine, e.g. sensitizers, photo- 
therapy. 

“Preview of papers for the International Congress, 
Japan” April 20, 1979. This will be a general meeting, and 
proffered papers are invited from people preparing to go, 
even if finally not funded. Titles and brief preliminary ab- 
stracts should reach Dr. J. H. Hendry, Paterson Labora- 
tories, Christie Hospital and Holt Radium Institute, Man- 
chester M20 9BX, by March 15, 1979. 

Further information can be obtained from the General 
Sreremry, The British Institute of Radiology (01-935 

237). 


PROBLEMS OF BENIGN AND MALIGNANT BONE TUMOURS 

A joint evening meeting organized by the Royal Society 
of Medicine (Section of Radiology), The British Institute of 
Radiology and the Royal College of Radiologists, to be held 
on Friday, January 19, 1979, at the Royal Society of 
Medicine, London. 

Speakers: Dr. Mary Catto, Dr. P, Jacobs, Mr. D. R. 
Sweetnam and Dr. G. E. Flatman. 

Further information: contact the Royal 
Medicine. 


Society of 


CLINICAL ONCOLOGY SYMPOSIUM ON ‘THYROID CANCER 

The Royal College of Radiologists will be holding a 
multi-disciplinary symposium on January 26-27, 1979. It 
will be held at 66 Portland Place, London WIN 4AD and 
is intended for senior registrars, consultants and research 
workers. Selected topics on the subject of thyroid cancer 
will be reviewed by authoritive speakers from the United 
Kingdom. The registration fee is £25. 

Full details of the symposium can be obtained from the 
Meetings Secretary, Royal Collegeof Radiologists, 28 Portland 
Place, London W1N 4DE. 


New RaApIOPHARMACEUTICALS INCLUDING 173] 

An all day meeting organized by the Nuclear Medicine 
Committee of The British Institute of Radiology, to be held 
on Wednesday, February 14, 1979 at the Middlesex 
Hospital Medical School. 

Further information and registration from the General 
Secretary, The British Institute of Radiology, 32 Welbeck 
Street, London W1M 7PG. 


IMAGING IN NUCLEAR MEDICINE 

An evening meeting to be held on Thursday, February 15, 
1979 at The British Institute of Radiology, 32 Welbeck 
Street, London, W1, organized jointly by The British 
Institute of Radiology, the Royal College of Radiologists and 
the Royal Society of Medicine (Section of Radiology). 

Further information contact the General Secretary, 
The British Institute of Radiology. 


WORKSHOP ON THE USE OF COMPUTERIZED 
‘TOMOGRAPHIC SCANNERS IN RADIOTHERAPY 
Following the successful workshop meeting on “The Use 
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of Computers in Radiotherapy in Europe”, held at the Inter- 
national Atomic Energy Agency in July 1976, the Commis- 
sion Informatique of the European Association of Radiology 
will hold a workshop on the ‘‘Use of Computerized Tomo- 
graphic Scanners in Radiotherapy”, at the headquarters of 
the World Health Organization on March 28-30, 1979. 

The meeting is designed to promote discussions among 
therapeutic and diagnostic radiologists, physicists and com- 
puter experts with previous experience in this field and will 
be limited strictly to 150 participants. 

The programme will include invited and proffered papers 
and discussions concerning the recognition and definition of 
tumour and target volumes and treatment planning as well 
as future directions for development. The proceedings will 
be published. 

Further information can be obtained from the General 
Secretary, Professor R. J. Berry, Department of Oncology, 
The Middlesex Hospital Medical School, London WIP 
TPN. 


1979 Tue BRITISH INSTITUTE OF RADIOLOGY ANNUAL 
CONGRESS 

The 37th British Institute of Radiology Annual Congress 
and Scientific Exhibition will be held at the Middlesex 
Hospital Medical School on April 26-27, 1979. Included in 
a programme of invited papers on diagnosis, therapy, 
radiological physics and nuclear medicine topics will be the 
Presidential Address by Mr. W. M. Ross entitled The 
Institute, yesterday and tomorrow, and the Silvanus Thomp- 
son Memorial Lecture by Professor G. E. Adams on Past, 
present and future of hypoxic cell sensitizers. 

Details and registration from The British Institute of 
Radiology, 32 Welbeck Street, London WIM 7PG. 


MACKENZIE DAVIDSON MEMORIAL LECTURE 
To be given by Dr. G. B. Schofield, Medical Officer, 
British Nuclear Fuels Ltd., on Biological control in a 
plutonium production facility at The British Institute of 
Radiology, 32 Welbeck Street, London, W1 on Thursday, 
May 17, 1979. 


INTERNATIONAL SYMPOSIUM ON PERCUTANEOUS BrorsY 
AND THERAPEUTIC VASCULAR OCCLUSION 

To be held May 7-9, 1979 in Munich. Topics of biopsy: 
bone, lung, mediastinum, pancreas, kidney, liver, lymph- 
nodes, mammary gland. Topics of vascular occlusion: G.I. 
tract, lung, liver, kidney, cervicofacial, cerebromedullary, 
gynecologic, traumatic and pathologic bleeding. 

Application and information: Prof. Dr. H. Anacker, 
Institut für Réntgendiagnostik der Technischen Universi- 
tat, Klinikum r.d.I., Ismaningerstr. 22, D-8000 München 
80. 


INTERNATIONAL SYMPOSIUM ON INTERVENTIONAL 
RADIOLOGY 

An E.A.R. Symposium, organized by the Portuguese 
Society of Radiology and Nuclear Medicine, will be held 
May 30-June 2, 1979 in the Algarve, Portugal. 

Proposed sessions include vascular therapy; selective em- 
bolization and management; catheter implantation in 
chemotherapy and percutaneous treatments; ultrasonic 
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guiding techniques and nuclear imaging as a guiding tech- 
nique for biopsy and fluid aspiration. 

For further information contact the Portuguese Society of 
Radiology and Nuclear Medicine, 123, 1.° Esq., Avenida 
Elias Garcia, Lisbon 1, Portugal. 


NON-INVASIVE IMAGING IN MEDICINE: Heart, Liver, 
PANCREAS 

A symposium arranged by the medical faculty of the 
University of Lund, Sweden, on June 6-9, 1979, with par- 
ticipation of prominent speakers in the field of CT-scanning, 
ultrasonography, and nuclear scanning. 

For further details and registration, contact Miss Karin 
Jönsson (secretary), Department of Diagnostic Radiology, 
University Hospital, 5-221 85 Land, Sweden. 


INTERNATIONAL COURSE IN Curst RADIOLOGY 

International Course in Chest Radiology and other aspects 
of chest disease, Stockholm, Sweden, June 11-13, 1979. 

Organized by the Fleischner Society, a non-profit organiz- 
ation in memory of Felix Fleischner, Harvard University, 
Boston. 

Information and application forms from: Björn 
Nordenstrém, M.D., Professor of Radiology, c/o Reso 
Congress Service, 5-105 24 Stockholm, Sweden. 


NUCLEAR CARDIOLOGY 
A workshop organized by the Nuclear Medicine Com- 
mittee of The British Institute of Radiology, to be held on 
June 20, 1979 at the Institute House. 
Further information contact the General Secretary, The 
British Institute of Radiology, 32 Welbeck Street, London 
WIM 7PG. 


ATH CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RamoLoGY 
Will be held in Hamburg, W. Germany, on September 
2-9, 1979, 


QUANTITATION OF TUMOUR RESPONSE: A CRITICAL 
APPRAISAL 

The L.H. Gray Conference willbe heldin Cambridge, 
England, during the week of September 10-14, 1979, The 
topics of the meeting are intended to simulate a critical 
appraisal of the techniques that are currently in use both 
experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
In situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies, 
Factors of prognostic significance. 
In vitro assays of tumours excised after treatment in vive. 
The choice of suitable experimental models in rodents, 
The role of human tumour xenografts, 
Statistical evaluation of tumour response data. 
The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in situ 
response. 

Further information from Dr. J. Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


Recent ADVANCES IN BRAIN SCAN 

Bordeaux, September 20-22, 1979. Under patronage of 
Université de Bordeaux II and Institut National de la Santé 
et de la Recherché Médicale (INSERM), Professor J, M. 
Caille and G. Salamon are organizing in Bordeaux a meeting 
devoted to “Recent Advances in Brain Computed Tomo- 
ography”. 

Subjects: Physical basis of computed tomography by 
transmission: normal and pathologic results and their cor- 
relation. Other methods of tomography (neutron scanner, 
emission scanner, etc.). 

The languages used will be French and English. Fees: 
F.F.500. 

For any information: Professor Caille, Service de Neutro- 
radiologie, Hôpital Pellegrin-Tripode, 33076 Bordeaux. 
Tel. (56) 96 83 83, poste 4603. 








Membership Subscription Reminder 


Members of the British Institute of Radiology are reminded that new membership 
subscription rates become effective on January 1, 1979, as follows: 


Ordinary Member (outside UK) 


Members in training and radiographers pay reduced rates. 
Cheques should be made payable to The British Institute of Radiology, crossed and 
sent to the General Secretary, BIR, 32 Welbeck Street, London WIM 7PG. 


Ordinary Member (UK) 
| 
| 
| 


£16-00 
£14-00 











Instructions to authors 


January 1979 


Please keep manuscripts brief and concise and include only those illustrations essential to an 


understanding of the text. 


Much time and correspondence will be saved if authors pay careful attention to these detailed 


instructions. 


Material published in THe BRITISH JOURNAL oF RADI- 
OLOGY includes full papers, case reports, technical and 
instrumental notes, short communications, letters to 
the editor and invited articles. Communications should 
ordinarily be addressed to the Honorary Editors, The 
British Journal of Radiology, 32 Welbeck Street, 
London W1M 7PG. 

Communications from North America, Australasia or 
South Africa should preferably be submitted to the 
most appropriate of the following Associate Editors: 

Dr. P. Armstrong, M.B., B.S., F.R.C.R., D.M.R.D., 
Departinent of Radiology, School of Medicine, Uni- 
versity of Virginia, Charlottesville, Virginia 22901, 
U.S.A. 

Prof. B. J. Cremin, F.R.A.C.R., F.R.C.R., Depart- 
ment of Radiology, Groote Schuur Hospital, Observ- 
atory 7925, Cape Town, South Africa, 

Dr. H. A. Luke, F.R.C.R., F.R.A.C.R., The Alfred 
Hospital, Prahran, 3181, Victoria, Australia. 

Dr. G. P. G. Sim, M.B., F.R.C.R., M.R.C.A., X-ray 
Department, Wellington Hospital, Wellington, New 
Zealand. 

R. W. Stanford, Esq., M.A., F.Inst.P., Department 
of Medical Physics, Royal Perth Hospital, Perth, 
Western Australia. 

The acceptance of a paper for publication in THE 
BririsH JOURNAL OF RADIOLOGY is at the discretion of 
the Editors and is subject to the understanding that the 
material contained in the paper has not already been 
published and is not intended for publication elsewhere. 

The copyright of all publications resides with The 
British Institute of Radiology. 

The Editors take no responsibility for the return of 
MSS, prints, etc. submitted for publication. 


MANUSCRIPT. The manuscript should be type- 
written in English on one side of the paper only with 
double spacing and margins of at least 25 mm on both 
sides and at the top. The top copy must be submitted 
together with one duplicate. The address given in the 
title should be that of the department(s) or hospital(s) 
at which the work was carried out. If any author has 
subsequently moved to a new address, this should be 
given as a footnote. Degrees and diplomas of authors 
should be given but not more than three for each author. 
‘Tables (numbered I, I, etc.) should be given on separ- 
ate sheets, and each should have a short descriptive 
title. Legends for illustrations, including diagrams and 
graphs, should be set out on a separate sheet, and de- 
noted Fig. 1, 2, etc. The initial letter of trade or propri- 
etary names should be a capital. Mathematical expres- 
sions should be set out very clearly. 


UNITS, SYMBOLS AND ABBREVIATIONS 
Authors are encouraged to adopt the International 
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System of Units (SI) (B.S.1., 1970; W.H.O., 1975). The 
publication Units, Symbols and Abbreviations: a Guide 
for Biological and Medical Editors and Authors (Royal 
Society of Medicine, 1977) is thoughtful and critical on 
this subject; authors are strongly recommended to 
follow the detailed suggestions in this guide and to note 
particularly the comments made on the choice of units. 
From Volume 53 (starting January 1980) units of 
radiation should be given in SI with the old units in 
parenthesis, thus 1 Sv (100 rem), 200 cGy (rad), 
1 MBq (27 aCi). Some explanation and a table of 
conversions appeared in an Editorial, Vol. 52, page 1, 


1979, 


DIAGRAMS AND GRAPHS. Diagrams and graphs, 
including numerals and lettering, should be clearly 
drawn in black ink for photographic reproduction to a 
width of 76 mm (exceptionally 156 mm). Good quality 
photographic prints or the original art work should be 
supplied. Care should be taken that details such as 
numbering and experimental points remain legible 
after photographic reduction. Computer print-outs are 
seldom satisfactory. The figure number, author's name 
and title of article should be pencilled lightly on the 
back of each illustration. 

Authors of physics papers will find advice on drawing 
diagrams, particularly electrical circuits, in Notes for 
Authors issued by the Institute of Physics and the 
Physical Society in 1976, 


RADIOGRAPHS. Unmounted prints not larger than 
whole plate, 216 x 152 mm, and not smaller than half 
plate should be supplied with MSS; if the prints are not 
of sufficiently high standard for reproduction purposes 
the author will be required to submit the original 
radiographs and to defray the cost of making prints. 
Tracings of sections of prints are acceptable when 
necessary for additional clarification. Hospital illus- 
trators and photographers are usually familiar with the 
style of drawing or print which will give the best 
reproduction. 


COLOUR. Drawings or photographs in colour are 
very expensive and are acceptable only if the author is 
prepared to pay the additional cost of block-making and 
printing, 


REFERENCES. The Harvard system is used. In the 
text these should consist of the names of authors and 
the year of publication. When there are more than two 
authors only the first followed by et al. should be used. 
In the bibliography references will be given im full and 
will include the title of the paper and the full name of 
the journal or other publication in which the article 
cited appeared. Both first and last page numbers are 
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required. The references must be arranged in alpha- 
betical order, m the following form: 


Examples 

Browner, G. Le, AroNow, S., and Hine, G. J., 1967. 
Radioisotope scanning. In Instrumentation in Nuclear 
Medicine, Ed. G. J. Hine, Vol. 1, pp. 381-428 
(Academic Press, New York). 

Warson, A., RusseLL, J, G. B., and Torrance, G. B., 
1970. Hepatic blood flow and Biligrafin excretion 
during intravenous cholangiography. British Journal 
af Radiology, 43, 248-250. 


ABSTRACTS. Papers (other than case reports and 
technical notes) should be accompanied by an abstract. 
This abstract is not part of the paper, but is intended to 
convey the content of the paper, to draw attention to 
all new information and to the main conclusions, and 
should be intelligible in itself without reference to the 
paper. An abstract should not normally exceed 200 
words, 


CORRESPONDENCE. Letters for publication in 
the correspondence section of the journal must be con- 
fined to matters of interest to readers of this journal. 


SHORT COMMUNICATIONS. These are reports 


of initial studies in new areas and comments which are 


too speculative or provocative for a normal paper. They 
should be kept as short as possible and must on no ac- 
count exceed two pages of the Journal. They will be 
published with the minimum delay. 


REPRINTS. Twenty-five reprints of each paper are 
supplied free. Additional copies may be purchased. 
Reprints of correspondence items will not be supplied 
unless specifically requested. 


SUPPLEMENTS AND REPORTS. Examples of 
material considered for publication as Supplements or 
in the Report Series are special monographs which are 
too long for publication within the Journal, or detailed 
reports of certain meetings. 


REFERENCES 

British Standard 3763, 1970. The International System of 
Units (SI), British Standards Institution, London 
(£2:70), 

Institute of Physics, 47 Belgrave Square, London, $.W.1, 
1976, Notes for Authors. 

The Royal Society of Medicine, 1 Wimpole Street, London, 
WIM 8AE, 1977. Units, Symbols and Abbreviations: a 
Guide for Biological and Medical Editers and Authors 


p). 

W.H.O., 1975. A Guide to International Recommendations on 
Names and Symbols for Quantities and on Units of Measure- 
ment (Sw.Fr.48). 


Book reviews 


‘Emmett’s clinical urography. An atlas and textbook of roentgenologic diagnosis 13 


Thermo-radio-therapie 50 


Books received 


Receipt of the following books is acknowledged as a courtesy to the sender. These publications have been lodged in the Library 
of The British Institute of Radiology for the use of Members. 


Biology of brain tumors, (A series of Workshops on the Biology of Human Cancer, Report no, 5). Edited by ©. C. Laerurn, 
D. D. Bigner and M. F. Rajewsky. 1978, pp. 209 (International Union Against Cancer, Geneva) Sw. fr. 15. 
ISBN 92-9081-030-7,. 


An international neutron dosimetry intercomparison, ICRU Report 27, 1978, pp. viii+-54 (International Commission on 
Radiation Units and Measurements, Washington). 
ISBN 0-913394-46-7, 


Year Book or NucLear Mepicine 1978. Edited by J. L. Quinn, III; Associate Editor, S. M. Spies. pp. 390 (Year Book 
Medical Publishers, Inc.; Chicago: London), £21-25,. 





Although some large experimental projects of the last decade failed, 
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about the use The CARD Committee report discusses computer-assisted and other 


automatic reporting systems, diagnostic data collection, the computer- 
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Fe m ú ning tasks, as well as computer-assisted diagnosis. 
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systems are also based upon extended discussion over several years 
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the introduction of computer technology into diagnostic radiologists 
daily work. It does not deal with computed tomography or X-ray 
machine control. 
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The multi-purpose Siregraph B x-ray table 
combines the latest Siemens cost effective practice 
with the most up-to-date and versatile developments in 
x-ray technology. 

The Siregraph B is a fully automatic table of 
compact dimensions designed to facilitate easy 
patient access and with the following principal 
features: 

@ Explorator—with exceptionally large cassette 
program. 

@ 90°-0°-20° indexing positions plus a full range of 
table-top movements in the longitudinal and lateral 
planes. 


@ Extensive tube/explorator excursion with parallax 
compensation for oblique angulations. 

@ Tomography facility in all angulations. 

@ Accepts up to Sirecon 2 30H triplex image intensifier 
and 70/100mm cameras. 

The Siregraph B. accommodates a swivelling x-ray 
tube, ideal for recumbent emergency radiography 
while allowing free access to the patient from all sides. 
Indexing positions at 0°, 90° and 180° ensure 
reproducible radiographic settings. 

Siemens Ltd, Medical Group, Siemens House, 
Windmill Road, Sunbury-on-Thames, Middlesex, 

TW16 7HS. Tel: Sunbury (09327) 85691. š 


In the world of remote control 
Siemens has the answer. 


New from BDH. 

Uromiro-an important advance in contrast 
media. 

Uromiro (iodamide) is a new salt with important 
advantages in urography and angiography; 

In urography Uromiro combines lower levels of 
diuresis? with acti ar-secretion® resulting in 
excellent nephro ra phic and pyelographic phases. 

Uromiro is alse jleratedin a wide range of 
doses in abdomin: i dpermpheräl angiography with 





Uromiro—cl fi cwb : te radiologist 















15, 222-229. 2. Bellizi, (1966) Radiologi d Fisica Medica, 21, 3. 3. Bollerup et al, (1975) 


scans = am 
mac 8,5, 63.674 Ka ude, (1973) Der Radiologe 
ig p= t, Alton, Hampshire GU34 IJD. Tele Fe kin 7/0420) 88767, Telex 858435. Uromiro and (BDH) are trade marks. 





References |. Bor etal, Ley 5 Acie 
Europea po 
BDH Phar cals Ltd, L nter 




































AMIPAQUE 

MEANS SAFETY 

e excellent tolerance, 
especially with regard 


e adhesive arach- 
noiditis unlikely to 
occur 

The excellent tole- 
rance of AMIPAQUE | 
has been confirmed 
in more than 150000 
examinations covering 
the various parts of the 
subarachnoid space. 


In lumbar myelo- 
graphy AMIPAQUE - 
metnizamide - offers 
better visualization 
because adequate 
doses will be well 
tolerated. 


The medullary cone 
may be included 
routinely. 


ELOGRAPHY 
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P.O. Box 4220 Torshov, Oslo 4, Norway. 
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Your Kodak 





rep wants fo 






eff his ches 


We've been bringing him up to date on the latest develop- 
-= ments, and he’s got plenty to tell you. 

He wants to show you the dramatic exposure reduction and 
radiographic flexibility that can be achieved with KODAK ‘Lanex 
screen film combinations. He’ll do the demonstration in your 
department. 

He’s also got plenty to say about departmental design, ultra- 
sonics, nuclear medicine, instrumentation recording, photography 
and dental radiography. 

He’s also prepared to loan you a range of KODAK ‘X-Omatic’ 

_ Cassettes fitted with KODAK ‘Laney Regular Screens, enabling 
you to conduct practical tests in your own department. 

Ask him about products for mammography-he’ll introduce 
you to the new KODAK ‘Min-R’ Cassette, designed for use with the 
KODAK ‘Min-R’ Screen and KODAK ‘Min-R’ Film. 

When ever you need information, talk to your Kodak 
Technical Sales Representative. You'll find him professional through 
and through. 


Kodak We care about your image KS 


Kodak, Lanex, X-Omatic and Min-R are trade marks. 
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50 mAS. 


CD38 125kV, 


D38 125kV, 300 mA. Right 


MX4 125 kV, 150 mA. Centre 


Left 


xi 


Take a 
closer look 


The relationship of 
engineering quality with 
practical hospital workload 
is never more stringently 
tested than with Mobile 
X-ray Equipment. 


The MX4 Mobile 


is based on a monoblock tubehead 
design with medium power output. A 
rugged and compact mobile unit with 
practical economy in mind. 


The high output D38 

has forged its own special reputation 
with radiographers internationally — 
their comments and co-operation have 
refined its character and performance 
over many years. A superbly rugged, 
very mobile system with high output 
X-ray factors. 


| 
| 


The new Capacitor Discharge 
System CD38 

inherits all the proven mechanical 
features of the D38. Engineered in 
combination with a capacitor 
discharge X-ray generator to give 
consistently stable radiographic 
performance and high output even 
from low capacity mains supplies. 


For further information contact 
Mike Bench on 01-904 1288. 
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GEC MEDICAL EQUIPMENT LIMITED - P.O. BOX 2 - EAST LANE - WEMBLEY - MIDDLESEX HA9 7PR - ENGLAND 
TELEPHONE: 01-904 1288 - TELEX: 922177 - CABLES: SKIAGRAM, WEMBLEY 














SHIMADZU 


14-5, Uchikanda 1-chome Chiyoda-ku, Tokyo Japan Phone: Tokyo 03-296-2352 
Overseas Telex: No.0222-4275 SHMDT J Cable Address: SHIMADZU TOKYO 


Flat No. 10, 16 Mahmud Azmi Street Zamalek. Cairo 
Arab Republic of EgyptiP.0. Box: Zamalek P.O. Box 32, Cairo) 
Phone: 804375 Cable Address: MIDSHIMAZU, CAIRO 
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Normacol Polen 
ensures a clear picture and a comfortable patient 


Z 


iai r ; A 
Normacol, the most efficient bulk former available, softens impacted faeces, absorbs VAS 


gas and induces natural peristalsis. JS 
: i IENA 
Danthron promotes vigorous and complete evacuation of the total bowel fs 
contents but, because of prior ingestion of Normacol, griping and pain Js 
seldom occur. hie 
II oD 
A/ oO 
So you get a radiologically clean gut,a co-operative patient and film p JaN 
of high diagnostic value. fS P 
Y & eS k 
; ee s ZS © SF 
Normacol X is supplied in convenient ready-to- J & © O 


post packs including patient instructions. Each pack contains 
40g sterculia granules and 2 tablets of Danthron 200mg. i 2 ki 


S a & l ne 
Normacol is a Registered Trade Mark. S oS & ral 
Product Licence No 0322/0014. J Ss e * 
Full prescribing information is available on request. Jigs S RO 


JE g a eo. xÒ 4 a ra ay ie X% 
Norgine Limited, PA & S l # Pi 3s 
59-62 High Holborn, London WC1V 6EB xo A * ¥ F = © 
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Southland Hospital Board 
Southland Hospital 
Invercargill 
New Zealand 


Director, Department of 
Radiology 


Applications are invited from suitably qualified Medical 
Practitioners for the post of Whole Time Director, 
Department of Radiology, which is of Specialist status. 


The successful applicant will be responsible for the 
organisation of Radiological services for the Southland 
Hospital Board at Southland Hospital, Seddon 
Memorial Hospital, Gore; and Lake County Hospital, 
Frankton. The Board area has a catchment population of 
approximately 120,000. 


Southland Hospital is an expanding provincial base 
hospital with a present bed state of 360 which will 
increase to 450 when the new Obstetric Unit is opened 
in March 1979. The Southland Hospital provides a 
comprehensive range of clinical services and the 
Department of Radiology is well equipped, having been 
commissioned in 1970. it includes facilities for 
Diagnostic Radiology, Ultrasound Scanning and 
Nuclear Scanning, and a medical staff establishment of 
four Radiologists and a Registrar with a full complement 
ef Radiographer Technologists and other supporting 
staff. A School of Radiography is attached to this 
Department. 


Seddon Memorial Hospital (40 miles from Invercargill), 
has 100 beds and the Radiology Department has been 
recently upgraded and is well equipped. It is supervised 
by a well qualified and experienced Charge Radiographer. 


Lake County Hospital, 120 miles from Invercargill, is a 
small country hospital and has a small X-ray Depart- 
ment where the work is carried out by a Staff Radi- 
ographer. Plans for a new hospital at Queenstown have 
been prepared and it is envisaged that when complete, 
the Radiology services will have been considerably 
upgraded. 


Invercargill is the provincial centre of a wealthy rural 
and industrial community which has excellent edu- 
cational and recreational facilities. Within easy reach 
are lakes and rivers for fishing and boating activities, 
and in the Winter, full facilities for skiing. 


The successful applicant should have experience in the 
diagnostic modalities of X-ray, Ultrasound imaging, 
and Nuclear Scanning. Administration and teaching 
experience would be an advantage. 


Salary and Conditions of Employment in accordance 
with Hospital Services Determination No. M.9 (Medical 
Officers) plus General Wage Order allowances. Salary 
range $19.621~-$25.364 with opportunity for higher 
salary grading up to $32,456, 


Application form, conditions of appointment and other 
information available fram Chief Executive Officer, 
Southland Hospital Board. P.O. Box 39, Invercargill, 
New Zealand, with whom applications close on March 
31,1979. 





REQUIRED: 

Second-hand diagnostic X-ray 
apparatuses, complete units or 
parts and any available spare 
parts in good working order. 
Please reply to Box No. 17 
British Journal of Radiology, 
32 Welbeck Street, London 
W1M 7PG. 














Diagnostic Radiologist 

Applicant must have a radiological degree of 
at least two years. 

Training in ultrasound is an asset. 


Salary, etc. negotiable. 


Piease write to: Dr. Musa Muti, F.R.C.R., 
Mosli Build, Bab Mecca St, Jeddah/ 
Saudi Arabia. 





Diagnostic Radiologist 


Large hospital and office practice. Ultra Sound, 
Nuclear Medicine & C.A.T. desirable. 


Applicant must obtain L.M.C.C. and Canadian 
Radiology Fellowship within two years. 


Send Curriculum Vitae to Murray C. Caplan, M.D. 
c/o Radiology Consultants Associated 

803 Lake Placid Drive, S.E, 

Calgary, Alberta, Canada 

T2J 4B9 











“WANTED-—Diagnostic Radiologist 
required to join a two man group presently 
serving a 213 bed Acute General Treatment 
Hospital, performing 46,000 examinations 
annually. A Locum would be considered. 
Please direct enquiries, with curriculum vitae, 
to Dr. H. J. Flood, Director, Department of 
Radiology, St. Joseph's Hospital, Bayard 
Drive, Saint John, New Brunswick, Canada, 
E2L 3L6, telephone (506) 652-2620". 
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There’s far more 


than meets the eye. 


You'll know them for their X-ray products. 


Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry—even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs—all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 





+ Five-star* 
| economy 


Created specifically to meet current 
demands for an economical but 
versatile universal diagnostic 
system, the DIAGNOST 54 offers a 
90/15° tilting table together with 
many refinements generally 
associated with only the most 
sophisticated equipment: 


3K integrated image intensifier system for 
optimum geometry 

3k full counterbalancing, with no cumber- 
some ceiling suspension 

* universal serial changer program 
providing all subdivisions for gall bladder, 
oesophagus and arthrography 

* Anatomically Programmed Radiography 
for selecting your chosen exposure 
parameters at the touch of a button 

> automatic beam collimation to the 
cassette format in use 

The five-star DIAGNOST 54: only its price 

is economy class. 





For detailed information on the new Philips DIAGNOST 54 write to: Philios Medical Systems Division. Eindhoven. the Netherlands 


THORACIC 
MYELOGRAPHY 








AMIPAQUE 
MEANS SAFETY 

e excellent tolerance, especially 
with regard to epileptogenic 
effects. 

e adhesive arachnoiditis unlikely 
to occur. 

The excellent tolerance of 
AMIPAQUE has been confirmed in 
more than 150 000 examinations 
covering the various parts of the 
subarachnoid space. 


In thoracic myelography 
AMIPAQUE - metrizamide - offers 
better demonstration of small 
structures and narrow spaces, 
because of its miscibility with the 
CSF and low viscosity. 

AMIPAQUE is completely elimi- 
nated from the body. 

AMIPAQUE is the only water- 
soluble contrast medium which 
can safely be used in thoracic 


myelography. 
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Acomplete 

range of A 
Instrumentation =" 
ideal for all 
Radiotherapy 
Departments 


NPL 2560 (Top) ` 

Mains operated therapy level x-ray exposure meter. Intended 
for use as secondary standard when calibrated against 
National Primary standards. All other clinical dosemeters 
are referred to this secondary standard. Precision 
measurement of therapy levels in ranges 0-100R, 0-1000R 
over energy range 10kV to 35MV. 


FARMER DOSEMETER 2502/3 (Right) 
Battery operated clinical dosemeter ideal for all therapy 
machine output calibrations energy range 10kV to 35MV 
using standard ionisation chambers. Integrated dose 
measurements in range 0.1R FSD to 1k R FSD. 


IONEX 2500/3 (Left) 

Mains operated Dose/Doseratemeter designed to meet the 
needs of the therapy department both at therapy and 
protection levels. Provides dose, doserate, current and 
charge measurements. Digital display provides up to 999 
reading with over range to 1999. Dose from 1mR (1000digits) 
to 10kR (1000 digits). Doserate 1mR/min to 10k R/min wide 
choice of chambers from 0.03 cc to 600 cc. 


NUCLEAR ENTERPRISES LIMITED 


Bath Road, Beenham, Reading RG7 5PR England Tel 073 521 2121 
Telex 848475 Cables Devisotope Woolhampton. [emt | 


Associate Companies Nuclear Enterprises GmbH, Munich 
NE Nuclear Enterprises S.A.Geneva Nuclear Enterprises Inc San Carlos, California. 
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INTRODUCING THE NEW, FOURTH GENERATION 
OF X-RAY IMAGE INTENSIFIER TUBES. 


@ Very high image resolution, 
uniform over the whole field. 


è Increased image contrast. 


@ Lower doses for fluoroscopy 


and fluorography. 
è Less quantum noise. 


Already responsible for much of the progress 
in Xray image intensifier tube technology, 
THOMSON-CSF now offers a new range of 
tubes... 

THE FOURTH GENERATION 

... that give better results than any of the third- 
generation tubes presently on the market. 
This major progress is due to two major factors: 
AN INPUT SCREEN 

of completely new design: THOMSON-CSF 
first introduced Cs/-base screens for X-ray 
image intensifiers in the early 1970's. A poly- 
crystalline, needle structure was also intro- 
duced, and played an important part inthe suc- 
cess of THOMSON-CSF's third-generation 
tubes. The screens in THOMSON-CSF's fourth 


Image obtained with conventional Xray 
image intensifier tube 


generation tubes still use the same principle, 
but have benefitted from major advances in 
screen-manufacturing technology. They fea- 
ture appreciably improved X-ray energy con- 
version efficiency, optical transmission, and 
electron conversion. 

ELECTRON OPTICS 

that have been completely redesigned, using 
computers, to optimize the shape of the elec- 
trostatic lenses, and carefully control the elec- 
tron trajectories. 


If you want the best in image quality... 
you need a 4th generation X-ray image 
intensifier... 

from THOMSON-CSF. 


image obtained with new 
4th-generation X-ray image intensifier 
tube from THOMSON-CSF 


THOMSON-CSF 


THOMSON-CSF COMPONENTS AND MATERIALS LTD / RINGWAY HOUSE / BELL ROAD / BASINGSTOKE RG24 OQG 
TEL. : (0256) 29155 / TELEX : 858865 





CONRAY 
| Let us put you fully in the picture 
| about the ‘Conray range of contrast media 


E Angio-cardiography: : Cerebral angiography: 
Cardio ~ ‘Conray: i ‘Conray 280° 
‘Conray 420°: 
Tonay 280° 




















E Abdorminal-aortography: 
| Gonray 280": 

E Conay 420°: 

E Comay 325’: 

Be Cardio ~ ‘Conray’ 





Splenography and 
portal venography: 
‘Conray 280’: 
‘Conray 420°: 
‘Conray 325° 










eos 


Gastroenterography: 
Gastro — ‘Conray’ 


Retrograde pyelography: 
Retro ~ ‘Conray’ 










cS 





Retrograde cystography: 
‘Conray 280’: 

‘Conray 420° 

{suitably diluted) 


Intravenous urography: 
‘Conray 325’: 
‘Conray 420°: 
‘Conray 280° 








Peripheral arteriography: 
| ‘Conray 280° 





Venography: 

‘Conray 280": 
‘Conray 420°: 
‘Conray 325° 





Conray Contrast Media 


(Meglumine and sodium iothalamate) 


No matter what your particular our Medical Information Department 
requirements may be, there is almost (01-592 3060) 

certainly a presentation suitable. If you Full information supplied on request 

are in any doubt whatever, contact your ‘Conray’ is a trade mark of Mallinckrodt Inc. 
May & Baker representative or telephone May & Baker Ltd Dagenham Essex RM10 7X5 


hh, 2 Pate ait A emper of the Rnd: ne By Jenn 
[IIE] Maya Baker] eP Gapo Carpas i MA 7174 
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AMIPAQUE 
MEANS SAFETY 

e excellent tole- 
rance, especially with 
regard to epilepto- 
genic effects. 

e adhesive arach- 
noiditis unlikely to 
occur. 

The excellent tole- 
rance of AMIPAQUE 
has been confirmed in 
more than 150 000 
examinations covering 
the various parts of the 
subarachnoid space. 




































In cervical myelo- 
graphy AMIPAQUE - 
metnzamide — offers 
better demonstration 
of small structures and 
narrow spaces, 
because of its misci- 
bility with the CSF and 
low viscosity. 

AMIPAQUE is com- 
pletely eliminated 
from the body. 
AMIPAQUE is the only 
water-soluble contrast 
medium which can be 
used in cervical 
myelography. 


a 
YEGAARD-OSLO QEZ 
P.O. Box 4220 Torshov, Oslo 4, Norway. 


Amioaque 


CERVICAL 
MYELOGRAPHY 
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* You will see instruments for loan 
valued at over £125,000; our £180,000 
repair laboratory with facilities to air 
ondition, de-humidify and provide 
filtered air, over £160,000 of repair parts; 
25 highly skilled technicians and an 
R & D team who specialise in designing 
support items for the equipment 


a eu 
we supply 


KEY MED 


Manufacturers of Specialised Medical Instruments 
and exclusive distributors inthe United Kingdom of 


OLYMPUS 


Fiberoptic Endoscopes 
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GET MOBILE IN '79 


Qur range is wide, prices are reasonable 
performance outstanding and delivery is good: 


TR 100kV/30mA 


a 


Condenser discharge units up to 6(00mAp TR 125kV/40mA (fully rectified) 


Whatever your mobile problem | rang RESEARCH LTD 
a 


ROBJOHNS ROAD 
contact us today for the answer: J" CHELMSFORD CM! 3DP 


TEL. (0245) 62233/7 TELEX 99327 
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X-RAY PROTECTION 
There's no substitute for 
professional expertise! 


Wardray offer a most comprehensive selection of products for 
the X-Ray Department, principally manufactured by our own 
staff and specialist suppliers whose production standards are 


strictly controlled. 


Xray protection 

Doors, Panelling, Windows and Screens constructed to suit 
your exact requirements plus a wide range of Aprons, Shields 
and Flexible Sheeting. 


Film illuminators Darkroom furniture 
Single and Multiple Models for Wail and equi t 


Mounting, Desks and Sorting Benches, 
Plus the benefit of WARDRAY expertise 


in Dark Room Design. A 
..and sundries 


Well known for their exceptional reliability including WARDRAY GRIDS, CASSETTES 
and COLOCODE labels for Film Filing, 


WARDRAY PESAN 


WARDRAY PRODUCTS (CLERKENWELL) LTD. 
15/19 BAKERS ROW, LONDON EC1R 3DT. 01-837 2666/8 











THE UNIVERSITY OF BIRMINGHAM 
James Brailsford Prize in 
Radiology 


| 

$ 

| 

| ; ba ae 

| Entries are invited for the above Prize which is awarded by the 
i 

| 

| 

i 

| 





Faculty of Medicine and Dentistry of the University for the most 
outstanding contribution to the advancement of radiology in the 
year 1978/9 up to the closing date for entries. 


The Prize is open to radiologists working in the West Midlands 
Regional Health Authority, academic staff and the University of 
Birmingham and graduates of the University working in recognized 
centres. Criteria for the award include publications, contributions to 
teaching and/or research and active participation in national or 
international gatherings related to radiology. 


| 
l 
| 
| The value of the Prize will be £150, which may be divided. 
| 


Entries, which may be in the form of published work, dissertations or 
papers should be submitted to the Assistant Registrar, The 
Medical School, Birmingham B15 2TJ, by 1st April, 1979. 
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AMIPAQUE MEANS SAFETY AMIPAQUE leaves no residual which 
e excellent tolerance, especially with might disturb an accompanying com- 
regard to epileptogenic effects. puter tomographic study of the 
The excellent tolerance of AMIPAQUE ventricular system. 
has been confirmed in more than 
150 000 myelographies and in a great 
number of ventriculographies. iy 
AMIPAQUE - metrizamide - permits $ 
penetration through a narrow aqueduct 
and gives excellent demonstration 
of the ventricular system, because 
of its miscibility with the CSF ana § 
low viscosity. 
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SIEMENS 


Receptor lift 
with or without 
revolver mechanism 


in. 


SU ui 


C. arm 


Angioskop 


multi-directional _ foray te 
angiographic techniques 
respond to the need 

for versatility. 


Angioskop means cardio, cerebral and 
coronary angiography from any angle, with all 
round access to the patient. Angioskop may also 
be used where interventional techniques are 
being employed; for biopsies with exact 
localization and many more advanced 
radiological examinations 

Special examinations requiring a free 
projection technique are possible. Free selection 
of projections in image intensifier and film 
changer operations (cranial, caudal and oblique) 
and magnification technique in p.a., a.p. and 
lateral projections 

Other features include: rapid conversion 
from fluoroscopy to radiography; can be 
extended for biplane operation with the addition 
of image intensifier x-ray tube and 3D system; 
large scales for adjustments and reproducibility; 
and automatic beam limitation to image intensifier 
size for radiation protection. 

For full details of the Siemens Angioskop 
contact: Siemens Limited, Medical Group, 
Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex TW16 7HS. 
Telephone: Sunbury (09327) 85691 


In the world of 
radiographic equipment 
Siemens has the answer. 


F 


Carriage 


\ 
Centre arm 








automatic elution 


Easy to lift 
and handle 


Convenient, 


well-shielded eluate 
vial container 


Reliable performance and 
consistently high yields 
from our unique - Effective shielding, 
generator column, proved ge minimizing radiation 
Ta dose to the user 





Reliable service and 
supply. Despatched on 
any weekday 


Introducing our second generation generator 


kaa 
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The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 


Formatron 


The Formatron consists of 93 
parallel anodised light alloy needles 
mounted between precision rollers. 
These rollers allow the needles to 
move freely and adjust accurately 
to the patient’s profile. They are 
easily locked in position and when 
removed provide a perfect contour 
of the patient’s outline. 

A single Formatron may be used 
for small profiles. However, for a 
whole body contour, three 
Formatrons, mounted on a bracket 
assembly can be used. The three 
Formatrons can also be mounted 
on to an adjustable stand as 
illustrated and can be used in the 
Planning Room while the patient 
is in the supine position. 


Iridium 192 wire encapsulator 


The T.E.M. Instruments 
Limited Iridium 192 Wire 
Encapsulator has been designed 
to safely load and seal accurate 
lengths of 0.3 mm diameter 
Iridium 192 Wire into 
plastic tubing. Any length 
of wire trom 5 mm to 300 mm 
can be cut and encapsulated in the 0.88 mm 
diameter technyl nylon tubing. ‘The cutting and 
encapsulation is carried out behind 55 mm thick lead blocks 
which protect the operator throughout the entire loading procedure. 

The encapsulated wire is then transferred to a carrying safe. This 

safe may be used for storage or transport of up to ten lengths of encapsulated | wire, 


[TEM] TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 





 Negativeimaging gives 


positive cost advantage 
















The Matrix Video- 
imager gives high 

quality multi-image 
recording and 
reduces film costs 


The Matrix 1000 is an advanced 

video-imager offering many 

operating advantages: - 

@ Superior quality hard copies. 

© Records multiple images on 
10x8in X-ray film using 
matched lens sets. 

@ Fully automatic exposure 
control for perfect recording. 

@ Flasher activated marking for 
easy identification. 

© Compatible with ultrasound, 

video-fiuoroscopy and gamma 

computer imaging systems. 


inilernuciear 


Distributors for: Atomic Development Corp - Birchoverinstruments - Capintec Inc 
Diagnostic isotopesinc - Matrix instruments - Medicor - Omnimedical 
Veenstra Instrumenten b.v. 


internuclear Limited, 18 Bath Road, Swindon, Wiltshire SN1 4BA. Telephone: 0793-30579 


Trimax Syster 
Now is the time to buy. 


Trimax Systems. The proven rare-earth 
technology that breaks the traditional compro- 
mise between image quality and exposure risk. 

Trimax Systems. For general or high speed 
radiography, mammography and extremities. 

If you are already convinced about Trimax 
Systems, now is the time to buy. The full range 
of screens and films is available now for 
immediate delivery from stock. 

If you have not yet proved Trimax for your- 
self, now is the time to contact 3M for a 1-month 
clinical evaluation. 

Ask your 3M representative 

Fe ike for more details or contact 
; Dennis Carroll, 3M United 
Kingdom Limited, 3M House, 
PO. Box 1, Bracknell Berks. 
RG12 1JU. 
Tel: Bracknell (0344) 58458. 
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A rapid and precise 
surgical X-ray system 





from 





with high-resolution TV 





The streamline design for the CGR Optascop 


increases the range of applications in surgical 
radiology. Easier manipulation and greater mobility 
by steering castors allow precise positioning from the 
simplified control panel. 

A complete mobile high-definition intensifier 
unit equipped with a TV camera and separate 
trolley-mounted monitor. 

The dual focus x-ray tube with remote 
controlled collimator provides for radiography and 
fluoroscopy up to 100kV. The x-ray tube - intensifier 
TV movements are motor driven. 

Optional extras are dose reduction pulsed 
fluoroscopy, and taped memory facility. 
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Department of Radiclogy 


A Course in 


MEDICAL ULTRASONICS 
30 April-5 May 1979 


A, 5-day course in Medical Ultrasonics will be 
held at the above centre from Monday 30 April- 
Saturday noon 5 May. 

tt is designed for Consultants and Senior Regis- 
tars in Radiology with minimal experience in 
clinical scanning. 

The Course will cover the medical application of 
contrast B scanning, doppler and real-time 
scanning. The emphasis will be on practical 
work, scanning techniques and modern imaging 
methods. Participants will be in small groups for 
the practical sessions and will have the oppor- 
tunity to use several different types of scanner, 
including real-time equipment and to compare 
currently available methods of imaging. 

To ensure adequate practical instruction Course 
membership will be limited to 20 approx. 
GOURSE FEE £75-00 ~ Residential accom- 
modation can be arranged if required. Full details 
together with programme and application form 
can be obtained from: 

Mr. F. Moran, Postgraduate Dean's Office, Little- 
wood Hall, General Infirmary Leeds LS1 3EX. 














Acton Technical College 
Radiography Education 
Committee 
present a 


General Course 
in Ultrasound 


A ten-week course involving physics, relative 
anatomy, photography and techniques of ultra- 
sound, 


The course is designed for those who need a 
background knowledge of ultrasound. 


Starts Wednesday 7th March 1979 6.30- 
8.30 p.m. Fee £20 payable to the London Borough 
of Ealing. 


Further details from M. Grimshaw, Esg., 
M.Inst.P., Course Supervisor, Department 
of Science and Computing, Acton Tech- 
nical College, High Street, London W3 6RD. 
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ABSTRACT 

The evidence relating to pre-natal radiation exposure and 
the subsequent occurrence of malformations and cancer 
suggests that the overall risk lies in the range 0-1 cases per 
1000 irradiated by one rad in utero in the first four months 
of pregnancy. The natural level of occurrence of serious 
handicaps in average pregnancies is at least 30 times higher. 
Is the much lower probability of radiation-induced harm 
sufficiently high to justify (a) concern when a woman who 
has been irradiated is found to have been pregnant at that 
time, or (b) the maintenance of restrictions on medical uses 
of ionizing radiation in women in the reproductive age, such 
as the ten day rule? 


There is now a widespread climate of opinion which 
takes it as established almost beyond doubt that 
radiation exposure of the human embryo in its early 
stages of development is likely to be positively harm- 
ful. The conclusions of a recent survey of clinical 
and experimental information (UNSCEAR, 1977, 
Report of the United Nations Scientific Committee 
on the Effects of Atomic Radiation Chap. II and 
Annex J) could reinforce this opinion. However a 
careful reading shows that this survey contains many 
mistakes, both of fact and of inference. 

Furthermore there seems to be enough inform- 
ation from irradiated pregnant women to provide 
provisional estimates of the risk per rad to the 
embryo or fetus at low levels of exposure such as 
those involved in diagnostic radiography. The 
details and a critical review of relevant parts of the 
UNSCEAR document are set out in an Appendix. 
The conclusions about the risk estimates are sum- 
marized in Table I which may be of practical value 





Reprints of this review article may be obtained from The 
British Journal of Radiology, 32 Welbeck Street, London 
WIM 7PG at a ċost of 75p each; remittance with order 
please. 


*In the human species the accepted convention is that the 
embryonic period lasts from 0-60 days gestational age and 
the fetal period from 9-39 weeks gestational age. 
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when considering whether the so-called ten day rule 
is justified and whether there is a cause for anxiety in 
the case of a pregnant woman who is dicovered to 
have been irradiated when not known to be pregnant. 
Since there may be wide variations in the purpose of 
radiographic examinations and the technique with 
which they may be performed, risk estimates have to 
be stated in terms of embryonic or fetal dose* and 
made use of in terms of embryonic or fetal dose per 
examination. Wherever radiographic examination is 
stated or implied, the term is intended to include 
examination utilizing radionuclides also. 

This review is primarily concerned with the effects 
of irradiation received in the first four months of 
pregnancy. The kinds of risk are: 

1. Death of the developing embryo during a short 
period following the exposure to radiation. This 
may be a risk for the early embryo irradiated during 
the first few weeks after conception but much less so 
for older embryos or the fetus. It is believed, as a 
result of experimental work confirmed by scattered 
observations in man, that the lethal dose of radiation 
is increased markedly at later stages of development. 

2. Birth of a malformed child. Sensitivity to a 
particular malformation is greatest at a particular 
stage of development, varying with type of mal- 
formation and corresponding to the laying down of 
the primordium for the part which becomes mal- 
formed, Że. to the relevant stage of “organogenesis”. 
Thus the very early embryo and the later part of the 
fetal stage are less at risk than the developing embryo 
and the early fetus. 

Maldevelopment of the brain seems to be much 
the commonest and most important malformation in 
the human species. (In experimental animals the 
most easily detected effects are minor structural 
abnormalities of bone). 
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3. An increased frequency of malignant disease in 
childhood. 

The frequencies of occurrence of the various risks 
have to be balanced against the medical desirability 
of the associated radiographic examinations: general 
principles involved in striking this balance are 
briefly discussed at the end of the Appendix. 


Risk estimates for pre-natal radiation exposure in man 

No risk estimate is available for embryonic death 
caused by ionizing radiation. Embryonic death early 
in pregnancy is commonly not recognized by the 
potential mother. Recent investigations of spon- 
taneous abortions and of abortions induced for other 
reasons than supposed radiation damage have re- 
vealed a high frequency of chromosomal abnor- 
malities in the spontaneous cases. In a similar way 
embryonic death after over-exposure to radiation is 
likely to be a mechanism which reduces the likeli- 
hood of development of a malformed child. The 
most important consideration is the generally ac- 
cepted value judgement that early embryonic losses 
are of little personal or social concern. Possibly this 
attitude is less valid in the case of the few who are 
much less fertile than average. 

Malformations of a given part of the body may be 
of very varying degrees of severity, and malform- 
ations of different parts may vary greatly in their 
significance to the mother and the child. In the 
United Kingdom at the present time about a 
quarter of all still births and of all deaths in the first 
week after birth are caused by congenital abnormal- 
ities and the death rate in this peri-natal period 
provides a useful index when considering the rate of 
induction of the severest categories of malformations. 
Brain damage of a degree which is severely handi- 
capping will commonly not be recognized until 
sometime after birth and its frequency in adolescence 
is a second useful index. Estimates of risk can be 
derived for peri-natal mortality and for mental re- 
tardation in teenagers. Each lies in the range 0 to 1 
per 1000 for an embryonic or fetal tissue dose of five 
rad of low LET radiation. The natural rates per 1000 
in UK are about 25 for peri-natal mortality and 
greater than four for severe mental retardation. 

Mortality after the peri-natal period and up to 
24 years of age was not increased in Japanese bomb 
survivors irradiated in utero, even at sublethal doses. 

No estimate of risk is available for non-lethal 
handicaps originating outside the central nervous 
system. 

It must be recognized that there is considerable 
uncertainty about the numerical values of the stated 
estimates of risk (see Appendix). However, the 
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ranges quoted in Table I are intended to give an 
impression of the overall confidence limits of the 
estimates and no allowance has been made for the 
considerable possibility that there would be a 
threshold for tissue damage, and therefore for radi- 
ation dose, below which many malformations would 
not occur. This concept of a threshold is a well- 
accepted general principle in teratogenesis and there 
is no reason to expect that radiation-induced mal- 
formations would provide an exception. 

Thus the effect of an X-ray dose of five rad to the 
embryonic or fetal tissues in inducing congenitally 
determined handicaps, lethal and non-lethal taken 
together, would seem to be less than two cases per 
1000 births, probably less than one per 1000. There 
is no reason arising from experimental work, clinical 
observations on the mentally defective in general, or 
the surveys of Japanese bomb survivors in particular, 
to think that non-lethal handicaps originating out- 
side the central nervous system would occur 
sufficiently frequently to falsify this conclusion. A 
small reduction in head circumference or in stature 
without obvious mental retardation seemed to be a 
little more frequently induced at a given radiation 
dose than mental retardation itself (cf. Miller and 
Blot, 1972, and Blot and Miller, 1973) and this can 
be included in the category of non-lethal handicap of 
the previous sentence. Alternatively it need not be 
regarded as a handicap at all. 

A medical diagnostic exposure giving a tissue dose 
of five rad to the embryo or fetus in the first tri- 
mester would increase the expectation of cancer in 
childhood by as much perhaps as ten-fold (Table I 
and Appendix). A statement in this form may seem 
to imply a substantial risk. However, the absolute 
additional risk might be about five in 1000. This 
estimate is higher than might be expected from 
published information (Mole, 1974; UNSCEAR, 
1972, 1977) because it includes an allowance for 
the possibility of an increased sensitivity in the first 
trimester as compared with later stages of pregnancy. 
It is possibly too high rather than too low (see 
Appendix). Even at early stages of pregnancy the 
cancer risk seems to be greater than the teratogenic 
risk (as suggested before by Mole, 1976). 

The preceding numerical assessments of risk are 
given in terms of a five rad fetal dose (Table I). 
Putting on one side the question of a threshold, it is 
radiobiologically reasonable to suggest that risks 
from smaller doses will be lower simply in propor- 
tion to magnitude of dose. It may thus be concluded 
that the combined risk of cancer plus serious mal- 
formations is in the range 0--1 cases per 1000 for an 
embryonic or fetal tissue dose of one rad received in 
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the first four months of gestation. A dose of one rad 
is a reasonably representative value for embryonic 
or fetal exposure in many radiographic examinations 
which involve abdominal exposure of a pregnant 
woman (ICRP, 1970; UNSCEAR, 1972; NCRP, 
1977b}. Some perspective may be provided by con- 
sidering the practice of genetic counselling (Emery, 
1975). The levels of risk considered there range up- 
wards from the overall risk in the average pregnancy 
fer birth of a child with severe handicap, that is, 
upwards from about 1/30 (cf. Table I). 

The estimates of risk cited were derived from 
evidence concerning brief exposures and are there- 
fore applicable to diagnostic radiography but not 
necessarily to examinations involving administration 
of radionuclides. There is as yet no direct evidence 
in man or in experimental animals about the in- 
fluence of protraction in modifying the effects of a 
tissue dose of a few rads. Simple radiobiological 
theory suggests quite strongly that at this level of 
dose there would be no influence on cancer induction 
regarded as a process based on change in a single 
cell. Therefore whether or not protraction reduces 
malformations it would not have a practically im- 
portant influence in reducing the overall risk, 
hecause, as noted above, most of this is cancer 
induction. 


Unwitting radiation exposure of a human embryo at an 
early stage of development 

A woman in the early stages of pregnancy who 
comes to realize, sometimes rather suddenly, that her 
child-to-be was irradiated in the course of a medical 
examination conducted a few days or weeks earlier, 
may find herself in an emotional crisis. On the one 
hand she way want her child badly; on the other she 
may feel that her child is now almost bound to be 
seriously malformed. In the nature of the case 
practical decisions, for instance about whether to 
leave the pregnancy to take its natural course or to 
arrange an abortion, may have to be taken without 
much time for reflection. There is not the possibility, 
the value of which is so much emphasized in genetic 
counselling (Emery, 1975), of postponing con- 
sideration of decisions for the future until parents 
have had some time to recover from the upset and 
confusion associated with hearing for the first time 
of the existence of the problem. But in either case 
the essential counselling must be based on depend- 
able information on the magnitude of the risk, both 
absolutely and also relative to the unavoidable risk of 
bearing an abnormal child in the normal course of an 
ordinary pregnancy; for instance, had the irradiated 
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woman not had the medical examination or exam- 
inations in question. 

Table I provides numerical information about the 
kinds of risks which are likely to be uppermost in the 
imagination of such a woman and of her medical 
advisers, both as they occur normally and after ex- 
posure to radiation. In the natural course of ordinary 
pregnancies the risk of bearing a clearly abnormal 
child may seem quite high but is in fact as stated. 
As the entries in Table I show, the numerical level 
of the risk depends on how abnormality is defined 
and when it is measured. 

A further matter to be mentioned is the risk to the 
mother of a decision to perform an abortion, a risk 
which must be set in the balance against any ad- 
vantage this might bring. In the few cases that have 
come to my attention—and they are certainly 
selected since most fathers or mothers or both were 
medically qualified or nurses or other medical 
workers—there have been what can only be called 
devastating emotional or mental sequelae, far greater 
than for abortion under more normal circumstances. 
The radiographic exposures in question were com- 
monly performed as part of a series of investigations 
into the reasons for failure to conceive. In such 
circumstances extreme anxiety and guilt seem only 
too likely consequences of finding oneself or one’s 
wife pregnant and then sacrificing the child. 

A practical suggestion is to put the burden of coun- 
selling into the hands of one of the NHS genetic 
advisory centres (Emery, 1975). Genetic counsellors 
have the experience which would help in this work 
and they have the great advantage that they are 
most unlikely to have been involved in the radio- 
graphic or other investigations which have led to the 
situation in which a couple may find themselves. 
The latter cannot regard the radiologist responsible 
for the radiography as wholly neutral and on their 
side. Yet so often it seems to be the radiologist or the 
hospital physicist who seeks advice about the poss- 
ible harm that radiation exposure of a developing 
fetus might do. In fact one purpose of this article is 
to provide the factual background which may be 
used in counselling by those who are not familiar 
with radiobiological problems. 


Restrictions on planned exposures of potentially 
pregnant women in the course of medical examinations 
by X rays or radionuclides 

In 1966 ICRP made a recommendation (para. 76) 
in the following terms: “The Commission wishes to 
call attention to reports of embryonic and fetal 
sensitivity to ionizing radiation and to emphasize 
that the possibility of pregnancy must be taken into 
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account by the attending physician when deciding 
on radiological examinations that involve the lower 
abdomen and pelvis of women of reproductive 
capacity. The Commission also wishes to point out 
the the ten-day interval following the onset of men- 
struation is the time when it is most improbable that 
such women could be pregnant. Therefore, it is 
recommended that all radiological examinations of 
the lower abdomen and pelvis of women of repro- 
ductive capacity that are not of importance in con- 
nection with the immediate illness of the patient, be 
limited in time to this period when pregnancy is im- 
probable. The examinations that it will be appropriate 
to delay until the onset of the next menstruation are the 
few that could without detriment be postponed until 
the conclusion of a pregnancy or at least until its latter 
half”. I have italicized the parts of this recom- 
mendation (NOT rule) which are usually overlooked. 
It was clearly envisaged that the risk to the fetus will 
usually count less in the balance of risk and benefit 
than the medical need for radiography of the mother 
except for the few examinations which could be 
postponed for some considerable time (to the latter 
half of the pregnancy or until after its end, but this 
phraseology has now been overtaken by our in- 
creasing understanding of the nature and magnitude 
of the fetal risk and how it is modified by stage of 
fetal development). 

This ICRP recommendation which presumably 
relates to a minority of radiographic examinations, 
those that can without detriment be postponed, was 
carefully worded to avoid suggesting a rule and in 
the expectation that professional judgement would 
always be the decisive factor. Nevertheless the ICRP 
recommendation has been extensively misused to 
justify a system of general restrictions ọn radi- 
ography of women of reproductive age, which has 
been given the name “the ten day rule”. This has 
been supported by the argument that any arrange- 
ments which reduce the chance of occurrence of even 
one case of childhood cancer or fetal maldevelop- 
ment are thereby justified. This is an emotional 
statement to which at first sight no exception can 
be taken but which in fact does not bear logical 
examination. If the price of the restriction was 
relatively high, say loss of life by more than one 
woman of reproductive age, would the absolute 
justification remain? Clearly the problem of whether 
and what restrictions there should be on radio- 
graphic examinations of possibly pregnant women is 
a typical example to which the principles of cost- 
benefit analysis apply. Part of the cost is illustrated 
in the risk levels of cancer and maldevelopment 
shown in Table I. 


It is almost certainly a valid comment that a 
decade ago the risk of inducing malformations and 
cancer per radiographic examination was believed to 
be much higher than is suggested by the facts as they 
are known now and summarized in Table I and 
discussed in the following Appendix. Since 1966 the 
fetal dose per maternal examination has certainly 
been reduced by the wider adoption of improved 
techniques and the risk per unit dose also appears 
less than had been imagined. At what level of risk 
should effort to reduce risk cease? Certainly when 
the additional effort and resources required to 
reduce risk further could be more beneficially 
applied in some other direction (see Appendix, final 
sections). This review is not the place to go into any 
further detail of what is unavoidably a most complex 
matter of judgement. It is not possible to imagine 
that there could be an objective decision to which all 
would agree because it depended simply on “facts”. 
But the risks to the developing embryo or fetus of 
maternal X-ray examinations are by no means so 
large as obviously to justify the continuation, let 
alone an extended application, of the ten day rule as 
set out in the Code of Practice for the Protection of 
Persons against Ionizing Radiation arising from 
Medical and Dental Use (HMSO, 1972). Indeed 
this “rule” may not seem to be justified as it stands 
by the revised Recommendations of ICRP (1977). 
Paragraph 206 there runs: “Because of the risk of 
radiation injury to any embryo or fetus, the possi- 
bility of pregnancy is one of the factors to be 
considered in deciding whether to make a radiological 
examination involving the lower abdomen in a 
woman of reproductive capacity. Although such an 
examination is least likely to pose any hazard to a 
developing embryo if carried out during the ten day 
interval following the onset of menstruation, atten- 
tion should always be paid to details of radiological 
technique that would ensure minimization of exposure 
to any embrvo or fetus that may be present, whether 
or not the woman is known to be pregnant’. Surely 
there is a need to reconsider the ten day rule and, if 
it is to be retained, to justify it anew. 


A PERSONAL COMMENT 

It is acknowledged that the quantitative estimates 
of the various risks to the irradiated embryo or fetus 
have varying degrees of reliability. They suggest, 
nevertheless, that the harm caused to a developing 
human conceptus by ordinary medical radiography 
of a mother-to-be is much smaller than the un- 
avoidable risks to the unirradiated embryo of simply 
developing into a human being, indeed so much 
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smaller that a mother-to-be who has been radio- 
graphed should have no reason for additional 
anxiety. It is to be feared that the extreme anxiety 
which some pregnant and irradiated women ex- 
perience at the present time is engendered by appre- 
hensions derived partly from inaccurate accounts of 
the facts (such as that in Annex J, UNSCEAR, 1977) 
and partly from well-intentioned attempts on the 
part of the medical profession to limit the frequency 
of radiographic exposure of the embryo or fetus. 





SUMMARY 

The overall risk of serious radiation-induced harm 
following exposure of the developing embryo or fetus 
to diagnostic X-ray exposures in the first trimester of 
pregnancy is most probably in the range 0-1 cases 
per 1000 receiving one rad tissue dose. The 0-1 cases 
would mostly be cancer in childhood: severe mental 
retardation would be less common than cancer. 

The natural expectation for the birth of a marked- 
ly handicapped child at the end of a normal preg- 
nancy is about 1/30. The risk from medical diag- 
nostic procedures would seem to be at least 30 times 
smaller than this. Concern over radiographic ex- 
posure of the developing embryo or fetus may be un- 
necessarily heightened by the existence of measures 
intended to reduce the possibility of exposure. Are 
these justified ? 


APPENDIX 
A REVIEW OF SELECTED PARTS OF UNSCEAR (1977) 
CHAPTER T AND ANNEX J 

The United Nations Scientific Committee on the Effects 
of Atomic Radiation (UNSCEAR) periodically publishes 
reviews of the current state of knowledge. Its 1977 report 
contained a short summary on Radiation Effects on Pre- 
natal Development (UNSCEAR, 1977, Chap. HC) and a 
long and comprehensive review of the clinical and experi- 
mental observations on Developmental Effects of Irradiation 
m utero (loc. cit.: Annex J). The first conclusion of the 
summary is important. ‘Very few human data are available 
en which to base any quantitative estimate of risks from 
radiation” for exposure at pre-natal stages of development 
“and itis clear that values derived from animal studies can- 
not be directly applied to man” (UNSCEAR, Chap. H, 
pars. 30). Unfortunately other statements in the summary 
well mislead a reader seeking guidance on the effects of 
tanon exposure an the human embryo or fetus, especially 
if his interest is in the possible effects of tissue doses in the 
range 0-25 rad. This is chiefly because most of the relevant 
human information comes from Japanese bomb survivors 
irradiated i utero and insufficient attention was paid in 
Chap. I] to the important differences between Hiroshima 
and Nagasaki, which may be attributed to the neutron 
component of the exposure of Hiroshima. At Nagasaki 
irradiation was almost wholly by y rays and it is this low 
LET exposure which is more relevant to practical problems 
in radiological protection and to the taxing and emotionally 
demanding problem of providing appropriate counselling 
when a woman who has received abdominal diagnostic 
radiography is subsequently found to have been in an early 
stage of pregnancy at the time. 

Annex J of the 1977 UNSCEAR Report, Developmental 
Effects of Irradiation in utero (paras 1-353), reviews what is 














94 


agreed to be a rather large literature (Annex J, para. 335) 
but unfortunately it too is misleading because of its serious 
errors, for example in summarizing human information on 
diagnostic radiology, and because of the same failure to make 
a clear enough distinction between observations at Hiro- 
shima and Nagasaki. 


Bomb survivors in Japan 

The observations are summarized: “There was an in- 
creased incidence of microcephaly and mental deficiency as a 
function of dose at Nagasaki following exposures within 
3-17 weeks of gestation” (Chap. HH, para. 35). This sentence 
contains two serious mistakes. The observations were about 
“small head size” not microcephaly (see Risk Estimate for 
Mental Retardation below) and, with this correction, the 
sentence is an accurate statement about Hiroshima but not 
about Nagasaki. At Nagasaki cases of ‘small head size” and 
mental retardation were too few for an influence of gesta- 
tional age to be more than suggestive and then only at the 
highest exposures (Miller and Blot, 1972; Blot and Miller, 
1973). In fact there was a striking difference in dose effective- 
ness between the two cities for both kinds of effect. ‘Small 
head size’ was not seen at Nagasaki except at kerma ex- 
ceeding 150 rad, but at Hiroshima the lowest effective 
kerma was 10-19 rad (Annex J, para. 145). At kerma of 200- 
299 rad the increase in incidence of mental retardation as 
compared with a control sample was 100+- fold at Hiroshima 
and 12 fold at Nagasaki (Annex J, para. 146). There was 
some increase at lower values of kerma at Hiroshima but 
none at Nagasaki (Fig. 1). It may be misleading to think that 
mental retardation at Nagasaki was a function of dose since 
the normal interpretation of that phrase would exclude a 
marked change in dose-effectiveness at 200 rad kerma. The 
findings were 0/78 at 10-199 rad (average about 60 rad) but 
4/12 at 200+ rad (average perhaps 300 rad) and 4/246 for 
controls (Blot and Miller, 1973).* 

Chap. II (para. 38) stated “Japanese exposed in utero as 
a result of A-bomb explosions in Hiroshima and Nagasaki at 
doses exceeding 50 rad have shown, at the age of 17 years, 
clear evidence of reduction in body size”. This is a true 
statement of what is in Reference 368 of Annex J but Annex 
J itself (para. 203) refers to doses above and below 25 rad 
(not 50 rad) and gave as the reference for this a report on 
mortality (not body size) which does not subdivide dose at a 
25 rad dividing line. From a practical view point the im- 
portant finding in Reference 368 is that there was no consist- 
ent difference in five different criteria of body size between 
those exposed to 10-50 rad at Hiroshima or Nagasaki, those 
exposed to one rad or less, and those whose parents were not 
in either city at the time of the bombing. This is not brought 
out in Annex J of Chap. IL. The 504+ rad group in which 
effects on growth were shown had a mean kerma at Nagasaki 
of about 150 rad (Annex J, Reference 48). 

The only risk estimate for man given in Chap. I (Para, 
35) is stated in terms of frequency per rad and is cited from 
UNSCEAR (1969), No guidance is provided about whether 
or not the risk estimate is regarded as still valid in 1977. The 
qualification attached to the estimate ‘‘for doses over 50 rad 
delivered at high dose rates” is likely to be disregarded by 
many readers since no cautionary phrases are added, not 
even a hint about the shape of the dose-response curve. In 
experiments ‘‘in the vast majority of cases the malformation 
incidence has a curvilinear trend with dose” (Annex J, para. 
340 (e)). This same paragraph (Annex J, para. 340 (f)) in 
reference to microcephaly (sic), in its most extreme cases 
accompanied by mental retardation, stated that ‘‘Following 
high acute doses its incidence has been tentatively esti- 
mated at around 10-7? rad~! with the lowest effective doses 
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*°The upper 80°, confidence limit for the first mentioned 
group is 2.3/78=29.5 per 1000: the lower 80% confidence 
limit for controls at Nagasaki is 1.74/246 and for the com- 
bined controls at Nagasaki and Hiroshima 5.43/1076 = 5.0 


per 1000”. 
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Fig. 1. 


Mental retardation after irradiation in utero (data of Blot and 
Miller 1973 on Japanese bomb survivors). The curve shown 
for Hiroshima is for (dose)? (from Mole, 1975), Cases of 
mental retardation apparently due to identifiable causes 
other than intra-uterine irradiation have been excluded. 
Mental retardation was diagnosed if the child was ‘‘un- 
able to perform simple calculations, to make (carry on a) 
simple conversation, to care for himself, or if he was com- 
pletely unmanageable or had been institutionalized” (Wood 
et al., 1967a and b. ‘The word ‘simple? was omitted from 
the definition given by Blot and Miller, 1973). 


ranging between 10 and 150 rad under different conditions 
of exposure”. Apart from the confusion engendered by 
stating a linear risk estimate with a ‘‘lowest effective dose”, 
the statement misleads because 10 rad refers to exposure at 
Hiroshima, 150 rad to Nagasaki. 

None of the ‘‘doses”’ given in the earlier reports from the 
Atomic Bomb Casualty Commission (ABCC)* on Japanese 
survivors irradiated im utero are in terms of the current 
T65D dosimetry system of ABCC. These earlier reports 
usually classified subgroups according to distance from the 
bomb hypocentre but occasionally (Annex J, References 48 
and 368) stated doses in rads apparently derived from re- 
lationships between distance from hypocentre and air doses 
according to the T57D system but possibly not taking 
shielding into account. The first report using the T65D 
system was in UNSCEAR (1969, p. 85, Annex B, Table V) 
citing doses provided in a personal communication from 
ABCC but without further details. Later Miller and Blot 
(1972) and Blot and Miller (1973) used the full T65D kerma 
system which specifically takes account both of the revision 
of the nominal power of the Hiroshima bomb and of the 
shielding of each individual survivor and which is a con- 
siderable advance in reliability as compared with earlier 
dosimetry. 





*Since April 1975 the Atomic Bomb Casualty Commission 
has been replaced by the Radiation Effects Research 
Foundation (RERF). 
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The T65D dosimetry system is in terms of kerma, not 
absorbed dose in a tissue. The average absorbed dose to the 
fetus in utero may be derived from the maternal kerma by 
multiplying by a factor less than one. For bomb y radiation 
Kerr (1975) suggested a factor of 0.42, and Hashizume and 
Maruyama (1975) tabulated factors which varied system- 
atically according to developmental age of fetus or embryo, 
lying in the ranges 0.42-0.66 for the 1st-4th months but 
0.32-0.59 for the 7th-9th months of gestation. For present 
purposes a value of 0.5 will be used and, if this is applied to 
the values of kerma as stated in the literature and cited by 
UNSCEAR (1977, Annex J), it may be concluded that fetal 
doses of at least 100 rad of y radiation were required to 
cause a measurable increase in frequency of severe mental 
retardation and that perhaps somewhat smaller fetal doses, 
but at least 50-75 rad, were required to cause a measureable 
degree of reduction in head circumference (cf. Table I in 
Blot and Miller, 1973 and Table I in Miller and Blot, 1972). 
There were 78 and 66 subjects respectively without evidence 
of effect after receiving fetal doses of 5 to 50 or 100 rad, 
averaging about 40-60 rad. 

It is perhaps unfortunate and certainly misleading that 
UNSCEAR (1977, Annex J, para. 49) should write “Critical 
re-evaluations of the doses received by the exposed in- 
dividuals (those in utero} were performed at various times” 
(citing Auxier 1975 and Hashizume and Maruyama, 1975) 
“but only the most recent reports include reasonably satis- 
factory dose evaluation” (citing Miller and Blot, 1972). In 
fact there seems to be no report as yet on frequency of effect 
in relation to dose based on assessment of dose in fetal 
tissue. It should also be noted that there are discrepancies 
between the tabulations of numbers of exposed subjects and 
of affected subjects between the different accounts of the 
same investigations (Annex J, References 24, 196, 345, 368). 
Some but not all of these appear to be the consequence of 
reassessment of dose. Fortunately the broad conclusions as 
stated here seem not to be affected. 


Diagnostic radiography 

The only direct observations on medical exposures (apart 
from radiotherapy) referred to in Annex J (para. 208) came 
from a retrospective survey of radiography by Nokkentved 
(1968, Annex J, Reference 228). Malformations were found 
in 9.9%, of 152 Danish children who had been irradiated in 
the course of diagnostic procedures (often multiple} and 
in 9.2% of 143 non-exposed siblings. “The height of 
children irradiated during the second month of gestation was 
clearly smaller than control” (Annex J, para. 208). However, 
this is not what the author said she found. She recorded a 
higher proportion of children of stature “far below average” 
amongst those irradiated in the second month of pregnancy 
than amongst those irradiated in the first, third or fourth 
month of pregnancy. But “far below average” was not what 
the words may suggest. It appears to have been defined as 
less than the expected average height minus one standard 
deviation, the adjoining category ‘below average” referring 
to height between the average height and the average minus 
one standard deviation, The expectation for a given age and 
sex, i.e. the control value, was taken from a standard 
paediatric textbook for Scandinavia. The recorded differ- 
ence between children irradiated in the second month and in 
the other months of pregnancy was not statistically sig- 
nificant. 

Nokkentved (1968) also noted that receipt of drugs during 
the pregnancy and social class of the mother were each 
significantly correlated with stature of children. She con- 
cluded, without showing how she reached the conclusion, 
that neither of these factors could be the sole explanation of 
the “numerous cases of short stature after irradiation in the 
second month” and that “a somatic effect following irradi- 
ation in the 2nd month cannot be ruled out’. However, no 
analysis was made to see if the combined effect of social 
class and drugs during pregnancy could account for the 
apparent concentration of cases of short stature in those 
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irradisted in the second month of pregnancy and, as noted 
above, this concentration of itself was said to be statistically 
non-significant. Annex J (para. 208) stated: Nokkentved’s 
finding that “the height of the children irradiated during the 
second month of gestation was clearly smaller than control 
[sie]... could not be explained by a number of biological, 
medical or social factors taken into consideration” and ‘‘This 
study confirms therefore the existence of a growth-retarding 
effect of irradiation during the second month of pregnancy”, 
It is not possible to accept either of these statements in the 
UNSCEAR Report as a fair representation of the findings 
reported by Nokkentved. 

A more recent investigation not cited in Annex J (Villum- 
sen, 1970) was a prospective survey of congenital mal- 
formations covering a wide range of possible causative 
factors. No correlation was found between diagnostic X-ray 
exposure of the abdomen during the first trimester and the 
frequency of malformation or of reduced head circumfer- 
ence measured post-natally. However, measurements of 
head circumference and of mental ability at later ages, e.g. in 
adolescence, would be required before Villumsen’s results 
could be compared with those from Japanese bomb sur- 
vivors, 








Radiotherapy 

In mo case in a literature survey was the probable ex- 
posure of the embryo less than 250 R {Annex J, para. 143). 
Thus the information is not very relevant to considerations 
of exposures 100 times smaller except for the conclusion that 
“Irradiation during the pre-implantation stages or at times 
not exceeding four weeks of gestation can lead to high leth- 
ality, but the children that survive are likely to develop nor- 
mally”. Villumsen (1970) found no malformation among 
seven children whose mothers receive radiotherapy during 
the first trimester but how many of these received abdominal 
irradiation was not stated. 


Perinatal and later mortality after pre-natal exposure of the 
developing child 

‘The information on the experience of the Japanese bomb 
survivors was alluded to quite briefly in UNSCEAR, Annex 
J (para, 195) but is worth examining in more detail because 
of sts value in practical problems. About one in four of those 
dying perinatally in U.K. die because of malformations of 
one kind or another. Perinatal deaths are still-births plus 
deaths im the first week of post-natal life. 

It is understandable that there is no information about 
the frequencies of potentially lethal malformations amongst 
children born to mothers during the nine months after the 
atomic bomb explosions in 1945 at Hiroshima and Nagasaki. 
During that period there was “confusion of the official vital 
statistics reporting system” (Kato, 1971) and some death 
certificates are not available. However, an analysis of 
mortality rates over the period 1945-1969 has been made 
utilizing all the available information on those irradiated in 
utero (Kato, 1971). Mortality from all causes at less than 
one year of age was increased in a radiation dose-dependent 
manner. There was no effect of radiation exposure on 
mortality at one to 9 years of age and at ten to 24 years there 
was a marginally significant increase of mortality with dose 
(but see below}. Analysis of those cases with more detailed 
information about the cause of or age at death showed that 
peri-natal mortality increased with increasing radiation ex- 
posure and inspection of Kato’s Table 6 shows that this 
s wholly due to excess deaths at maternal kerma of over 
180 rad. The perinatal mortality-rate at 40-179 rad was the 
same ag at Q-9 rad. Kato’s Table 6 allows a reader to 
deduce the observed and expected numbers of deaths for all 
deaths other than perinatal for the sub-population where 
deaths were known to be from natural causes i.e. excluding 
idents and unknown causes. The ratio observed/ 
expected was 1.1, 0.7, 0.8, 1.2 and 0.4 respectively for ker- 
mas of 0-9, 10-39, 40-179, 180 + rad and unknown magni- 
tude. There was clearly no significant dose-dependent 
mortality except for perinatal mortality. 
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When the data were examined according to trimester of 
exposure, a significant increase with dose in deaths from 
0-24 years of age was observed only in those exposed to 
bomb radiation in the third trimester. Kato (1971) wrote that 
the dose-associated excess mortality under one year of age 
“is observed only among children who were in the third tri- 
mester” (but gave no data in support of this conclusion). A 
dose-related effect for exposure in the third trimester 
suggests that it was mediated through a maternal effect of 
the bombing. Traumatic injury was excluded (Kato and 
Keehn, 1966) and it may be suggested that radiation 
damage by whole-body exposure is the likely maternal 
factor but there must also have been markedly adverse en- 
vironmental influences in the aftermath of the bombing. As 
noted above, all the excess known perinatal mortality was at 
kerma exceeding 180 rad. These observations of Kato (1971) 
may be of considerable help in assessing the possible hazards 
of pre-natal radiation exposure even though they are 
necessarily based on less than comprehensive information 
and on relatively small numbers—for example a total of 12 
deaths from all known natural causes at kerma over 180 rad, 
of which five were perinatal. 

‘There was no definitely increased mortality at ages later 
than the perinatal in a population of 1073 individuals of 
whom 68 were exposed to over 180 rad with a median value 
of 293 rad kerma. Thus the hazard of radiation-induced 
death at ages later than the perinatal from diagnostic X-ray 
exposure must be very small. The 95%, upper Poisson limit 
for 0/68 is 5.4%, and the corresponding limit for five rad 
fetal dose corresponding to 10 rad kerma (using linearity) 
would be 0.054 x 3h); or 1.8 in 1000. Since all the differences 
according to radiation exposure are attributable to perinatal, 
not subsequent, mortality, this value of the risk estimate 
might be regarded as indicating the upper confidence limit 
for perinatal mortality. 

There was also no statistically established increase in peri- 
natal mortality for exposure in the first trimester. Indeed the 
data in Kato’s Table 7 show that the rate for 0-24 year 
mortality in the group with a median kerma of zero was 
slightly greater than for the pooled experience of the three 
groups with known kerma over 10 rad (and average kerma 
about 80 rad), 13.5 per 1000 as against 12.6 per 1000. The 
corresponding rates for the two lower kermas grouped to- 
gether, 0-49 rad, and the two higher kermas grouped to- 
gether, over 50 rad, were 12.0 and 17.9 and the difference 
corresponds to a mortality rate of 0.4 per 1000 per rad. 

However, these risk estimates are unrealistically high for 
exposures to diagnostic X-rays, possibly by an order of 
magnitude. One main reason is that a linear dose-response 
has been assumed when the experimental evidence strongly 
suggests that the response per rad would be curvilinear over 
the range of doses 5—150 rad (or 10-300 rad kerma). A second 
main reason is that the great majority of the observations 
come from Hiroshima, not Nagasaki, and all the evidence 
there is of prenatal damage in bomb survivors irradiated in 
utero shows that the effectiveness per unit kerma was greater 
at Hiroshima than at Nagasaki. This was so for ‘‘small head 
size” and mental retardation, as noted, and also for de- 
creased birthweight (Kato and Keehn, 1966). Any deduc- 
tions which ignore the difference in quality of radiation must 
inflate considerably the risks from low LET irradiation such 
as diagnostic X rays. Thus the expectation is (leaving cancer 
for later discussion) that five rad of X-ray dose to the 
developing embryo of whatever stage is unlikely to increase 
perinatal mortality or mortality in childhood and ado- 
lescence by as much as one in 1000 at risk. 


RISK ESTIMATE FOR MENTAL RETARDATION 
The observations on frequency of mental retardation 
diagnosed in adolescence in relation to level of maternal 
radiation exposure of Japanese bomb survivors allow an 
estimate of the risk after five rad of embryonic or fetal tissue 
dose to be derived in the following manner. The upper 80°, 
Poisson confidence limit for mental retardation after a mean 
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fetal dose of 50 rad was 30 cases per 1000 and the lower 80°, 
limit for effectively zero exposure was five per 1000*. 
Thus depending on the asymmetry of the distribution, there 
was a 10-20°% probability that the true risk for 50 rad ex- 
ceeded 30 per 1000 and a corresponding 10%, probability 
that the true risk for zero exposure was less than five per 
1000. The probability that 50 rad caused 30-5 = 25 or more 
cases per 1000 was therefore between the product of 
10 10 20 20 
—— Xan and X oe = 
100 100 100 © 100 
be regarded as an approximate value for the upper 95% 
confidence limit of the differencest. It follows that on the 
linear hypothesis the 95°, confidence limits for five rad 
would be 0-2.5 per 1000 and a better value would be 0-1 per 
1000 since the dose response is likely to be curvilinear. 

When making use of this information it is important to 
note that the definition of mental retardation utilized in the 
Japanese surveys (see legend to Fig. 1) was not in terms 
which allow easy comparisons with this country. In the UK 
at the present time those classified as severely sub-normal 
(SSN) are defined as those with IQ less than 50/55 or un- 
testable and the prevalence of SSN at ages 15-19 is about 
four in 1000 in England and a little higher in Scotland and 
Northern Ireland. The prevalence is regarded as fairly 
stable and largely independent of environmental influences 
(Kushlick and Blunden, 1974). The rate is about half that 
for mental ‘retardation’ in the unirradiated controls in the 
assessment of Japanese bomb survivors (Blot and Miller, 
1973) and the definition of ‘mental retardation’ used in the 
Japanese assessments (given in the Figure legend) would 
suggest that it included some who would be classified in this 
country as mildly subnormal (MSN) when IQ tests are done 
GQ 50/55-70/75), or “feeble-minded” in the now obsolete 
language of former days. 

At age 15-19 the prevalence of MSN may be in the range 
3-9 per 1000 (Table 5, Kushlick and Blunden, 1975) al- 
though the prevalence of IQ in the range 50/55-70/75 would 
be much larger. However the prevalence of MSN decreases 
to about two per 1000 at ages 30 + years (loc. cit.) apparently 
because a substantial proportion of those in the IQ range 
50-75 have educational difficulties associated with social 
factors, not with physical damage. Thus after leaving school 
many succeed in adapting themselves over the course of a 
few years to living successfully in the wider community and 
without the need for special care (Kushlick and Blunden, 
1975), The Japanese value for prevalence of ‘mental re- 
tardation’ in the unirradiated of 8-10 per 1000 is thus 
reasonably close to the British value of 4-5 for SSN plus 
some addition for MSN needing continuing care. The in- 
formation from Hiroshima and Nagasaki on increase in 
mental retardation as a consequence of irradiation in utero 
may be regarded as broadly applicable to this country, at 
least for the purpose of the comparisons between radiation 
effects and natural prevalence being made in this paper. 

One further matter requiring mention is the greater fre- 
quency of “small head size” than of mental retardation in 
those who had been irradiated in utero by bomb radiation 
(Miller and Blot, 1972). The common paediatric experience 
is the opposite: that mental retardation occurs with normal 
head size and that microcephaly nearly always indicates 





= | to 4°, so that 25 per 1000 may 





*See footnote on page 95, 


+No exact method for the estimation of the confidence limits 
of the difference between the means of two Poisson distribu- 
tions is known. Using the normal approximation with a 
correction for continuity the upper 95°, confidence limit for 
the difference between those at Nagasaki receiving 50 rad y 
embryonic tissue dose and controls (0-5 rad embryonic 
tissue dose) was 30-31 per 1000 when the comparison was 
made with Nagasaki controls and 20-22 per 1000 when the 
comparison was made with the combined controls from 
Hiroshima and Nagasaki (D. H. Papworth personal com- 
munication). 
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severe mental deficiency. But the contrast may merely reflect 
the standards used in diagnosis. In the Japanese bomb sur- 
vivors ‘‘head circumference was said to be small if on one or 
more examinations it was at least two standard deviations 
below the average for the age and sex of the patient in each 
city, and was on all previous and subsequent examination at 
least one standard deviation below the average” (Miller and 
Blot, 1972). This seems to be a much less stringent require- 
ment than for the clinical diagnosis of microcephaly. 


RISK ESTIMATE FOR INDUCTION OF MALIGNANT DISEASE 
APPEARING IN CHILDHOOD 

UNSCEAR (1972) gave an estimate of 230 cases of 
malignant disease fatal before the tenth birthday per million 
exposed to antenatal radiography per rad fetal tissue dose for 
doses in the range 0.2-20 rad. Others have considered that 
the evidence that antenatal radiography was the cause of the 
observed increase in malignant disease was contradictory 
and/or inconclusive (e.g. Miller, 1969; 1974). However, 
more recent views suggest that the contradictions were only 
apparent, not genuine (Mole, 1974; UNSCEAR, 1977). 

In the UK the observed increase in risk, relative to non- 
irradiated subjects, was substantially greater for irradiation 
in the first trimester than in the second or third trimester, 
but in the first trimester the mean number of films per case 
was also more than doubled (Table XI in Bithell and Stew- 
art, 1975). Such an increase in films per examination is to be 
expected since radiographic examinations in the first tri- 
mester are very rarely for obstetric reasons. Nevertheless, 
the risk per film appeared to be 7-8 times greater in the first 
trimester than in the second and third (with wide confidence 
limits of 2--30 times). However, the first trimester data may 
seem highly selected: there were only four controls (he. 
living children matched with cancer deaths) compared with 
38 cases (i.e. children dead with cancer). Moreover, there 
were no controls at all for radiography in the first two 
months of pregnancy. At their face value the observations 
might be regarded as suggesting an exceedingly high sensi- 
tivity in the first two months and a sensitivity in the third 
month about three times that in later months. But there is 
no confirmation of a strikingly high cancer rate after radi- 
ography in the first trimester in MacMahon’s USA 
observations (1962). 

For the present purposes the risk of cancer induction in 
the first trimester will be taken to be 10-3 per rad, about five 
times higher than in the second and third trimesters but 
with no implication that the risk is believed to be really as 
high as that. For fetal doses as high as 50 rad the risk will be 
substantially smaller than expected from simple propor- 
tionality when the hypothesis is that induction is linear with 
dose (Mole, 1974), but not necessarily so if induction is 
according to a power function of dose. The entry for 50 rad 
in Table I therefore has an additional uncertainty. 





EXPERIMENTAL INFORMATION ON RADIATION-INDUCED 
TERATOGENESIS BY 5 R 
In the reviews by UNSCEAR and others on experimental 
findings in radiation teratogenesis much attention has been 
given to the question of whether exposure to 5 R of X or y 

















rays does or does not produce a measurable effect. Annex J 
(UNSCEAR, 1977) provided ‘‘an updated summary” in the 


form of a Table entitled “Synopsis of the lowest teratogenic 
doses observed in mouse and rat” (para. 290, Table 5). 
However, it may be noted that only two of the 21 entries were 
published in the ten years before 1977 and that half the 
entries antedate 1960: clearly there has been little recent 
effort in this field. Possibly the concept of a “lowest tera- 
togenic dose” is not a fruitful one for experiments and, if it 
is uppermost in an experimenter’s mind, must make it 
difficult to examine control and irradiated material for the 
presence of abnormalities with the same degree of care. 
Precautions to avoid bias in scoring low frequencies of ab- 
normality are commonly not mentioned in experimental 
reports. Moreover a table like Table 5 in UNSCEAR Annex 
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] cannot present negative findings which may be as im- 
portant as positive when considering the possible effects of 
low doses, 

‘There are seven entries in the UNSCEAR table with 5 R 
given as the “lowest teratogenic” exposure, all relating to 
mice. These will be discussed in turn and all will be seen to 
be unreliable. Two entries are mistakes since the effect ob- 
served was embryonic resorption (death), not teratogenesis. 
The entry for polydactilia misrepresents the conclusions of 
the author who is cited (Reference 231). Ohzu (1965) stated 
that hindfoot polydactyly was unlikely to have been induced 
by X-irradiation (P= 0.2 for difference from controls of the 
combined information from 5, 15 and 25 R). Fore-foot 
polydactyly had a high frequency in controls and was in- 
creased significantly only after 5 R (P=-0.025), not after 15 
ar 23 R. 

The remaining four entries all come from the work of a 
single author (Jacobsen, 1968, Reference 136) who mani- 
festly conducted and analyzed his experimental work very 
carefully. However hydrammnios was recorded as present or 
absent without measurement of fluid volume and was no 
more frequent after 20 R than after 5 R, rendering this 
determinant of radiation effect of doubtful value, as the 
author himself realized. The association between hydram- 
nios and malformations is well-known and it would have 
been essential to take precautions to avoid bias in recording 
the presence of hydramnios in slight excess in irradiated 
darns. 

Decrease in litter weight in the winter was also cited in 
the UNSCEAR Table as an effect of 5 R. Jacobsen (1968) 
actually wrote ‘‘in the winter a tendency to diminished values 
of litter weight is also seen after 5 R dose, in the summer... 
a tendency to increased weight following exposure to 5 R” 
and gave no indication or the statistical significance of the 
2%, winter reduction of 3°, summer increase. The overall 
difference in litter weight, taking the control as the base-line, 
was = 0.4%, after 5 R, - 4.4%, after 20 R and —39°%, after 
100 R, so that quite clearly the deleterious effect recorded in 
Table 5, UNSCEAR Annex J as following 5 R did not 
really occur, 

‘The other two entries in this Table dealing with Jacob- 
sen’s work refer to decreasing tail length and increasing 
frequency of other skeletal defects (when summed over 
skeletal regions) in the 18-day old embryos. In Tables 47-51 
of Jacobsen (1968) there are 13 comparisons of frequencies 
of skeletal defects with a clear effect of 5 R as compared with 
controls but only in six of these was the effect of 20 R 
clearly greater than the effect of 5 R. Inevitably it must be 

‘garded as unfortunate that there are no explicit descrip- 
s of precautions against the possibility of unconscious 
bias when making the observations, 

In all experimental work using polytocous species like 
rodents, in which embryonic death and resorption are in- 
creased by exposure to ionizing radiation, there is always the 
possibility that effects in the surviving embryos are the 
result of a change in the intra-uterine environment and are 
thus indirectly, not directly, caused by the radiation (Ohzu, 
1965). If so, the evidence would not be applicable to a 
monotocous species like the human. 

There is also a striking quantitative difference between 
rodents and humans in the dependence of frequency of 
effect on gestational age. Figures XVIII, XIX and XXI for 
exencephaly, hydrocephaly and microcephaly in the mouse 
or rat {Annex J, pp. 680-681) show that, with a fixed and 
substantial exposure to low LET radiation in the range 150- 
300 R, the frequency alters from close to zero up to 35-60% 
and then down to near-zero levels with changes in gestation 
age of 3-7 days. No similarly drarnatic changes in fre- 
quency of occurrence with small differences in gestation age 
have been noted in Japanese bomb survivors or others. The 
gestational age range over which mental retardation was 
most easily demonstrable at Hiroshima was 6-15 weeks 
(Blot and Miller, 1973) and the evidence, limited as it is, is 
against any special sensitivity within that period (Table H, 
































98 


UNSCEAR, 1969, p. 88). The fact that 6-15, ie., 9 weeks, 
is about 23%, of the whole human gestational period of 39 
weeks, just as 3-7, ie. 4 days, is about 20° of the whole 
murine gestational period, may provide a rational frame- 
work for the understanding of mechanisms of radiation 
damage to the developing nervous system. However the 
observation should not be taken to imply that there is a short 
period of extreme human sensitivity to much smaller doses at 
some stage within the period 6-15 weeks of gestational age. 

Brent (1977) independently reviewed some of the experi- 
mental results considered in UNSCEAR, Annex J, and 
added unpublished observations of his own. He stated that 
no growth retardation or malformation had been seen at ten 
rad or less of acute irradiation (i.e. brief exposure) in rat or 
mouse but nevertheless entered the symbol +. for gross 
malformation in his Table I on effects of ten rad on the rat 
and mouse. He also stated in his text that there had been no 
increase in tumour frequency after irradation exposure of the 
fetus of experimental animals, but entered the symbol + for 
tumour induction in his Table I, adding a footnote refer- 
ing to antenatal radiography of the human. 

In the state of knowledge as described in UNSCEAR, 
Annex J, the conclusion would seen to be that human ob- 
servations have much greater weight than the experimental 
results when considering the possible effects of embryonic 
or fetal doses of the order of 5-10 rad. 


ATTITUDES IN THE USA 

The value of arranging to perform radiographic exam- 
inations of women in the reproductive ages at particular 
stages of the menstrual cycle has been examined in depth by 
a group in California (Brown et al., 1976). As well as re- 
viewing the available evidence about risk originating from 
radiation exposure of the developing embryo or fetus, an 
attempt was made to compare that risk with what might en- 
sue from exposing as yet unfertilized oocytes. If a woman 
postpones a pregnancy in order to have a radiographic 
examination, there will be in principle an added risk origin- 
ating from radiation-induced mutation of the oocytes from 
which the postponed conceptus develops, The balance of 
risk is something that ought to be known if there are to be 
restrictions on radiographic exposure of potentially preg- 
nant women. The authors have also examined records of 
radiography in order to discover how many or what propor- 
tion of examinations would have to be postponed if some- 
thing akin to a ten day rule had been in operation. They have 
been addressing themselves to possibly important aspects of 
an analysis of the balance between benefit and risk which 
ought to be made before deciding that a ten day rule ought 
to be introduced and implemented. 

Their findings should be of considerable interest and 
value when they become generally available. Practical im- 
plementation of a ten day rule may be a very different 
matter in the United Kingdom where there are relatively 
very few radiological examinations in private offices and 
where, in the course of ordinary radiological work, the 
delays between a request for an examination and its per- 
formance may be very much longer than in the USA. 

The United States National Council on Radiation Pro- 
tection and Measurements (NCRP) has recently issued two 
relevant reports. NCRP report 53 (1977a) is a “Review of 
NCRP Radiation Dose Limits for Embryo and Fetus in 
Occupationally Exposed Women” and NCRP Report 54 
(1977b) is entitled “Medical Radiation Exposure of Preg- 
nant and Potentially Pregnant Women”. The major differ- 
ence between these reports is the consideration offsetting 
radiation risk from medical radiation exposure ‘‘that the 
medical welfare of both the expectant mother and her un- 
born child may be jeopardized if the indicated radiological 
examinations are not carried out”. It is stated that “the 
attending physician must retain full discretion to decide 
each case according to his judgement’. NCRP recommends 
special care in selection of patients in certain cases of diag- 
nostic radiology and nuclear medicine procedures and 
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recommends that it is generally advisable for pre-meno- 
pausal patients not to run a risk of pregnancy until two 
months after the studies are carried out. No reason is given 
for this latter advice. Presumably the unstated reason is the 
experimental finding in the laboratory mouse that the 
mature, fertilizable oocyte is more sensitive to mutation 
than more primitive stages. But, even so, is the possibility of 
mutation large enough for it to be a decisive factor? 

The risk of abnormality in an unborn child receiving five 
rad or less is considered to be negligible ‘when compared to 
the other risks of pregnancy” and “is significantly increased 
above control levels only at doses above 15 rad”, These 
statements are not supported by numerical values for esti- 
mates of risk nor by reference to human information and 
appear to be based on experimental work in rodents (some of 
it with preliminary results only) by three of the five members 
of the Ad Hoc Committee which prepared the NCRP 
Report 54 (this made no direct reference to other experi- 
mental work). The evidence for induction of malignant 
disease by antenatal diagnostic radiography is regarded, 
following Miller (1969, 1974), as inconsistent or contra- 
dictory and a special point is made that “thus far, experi- 
mental attempts to increase cancer incidence by small doses 
of radiation to fetuses of animals have failed”. 

If, in a woman of reproductive age, “a diagnostic exam- 
ination is deemed advisable for the medical well-being of the 
patient it should be carried out without delay” with special 
effort to minimize dose, (Just what “special effort” is in- 
tended to imply is not discussed.) ‘‘Doses below five rad to 
the human embryo-fetus are considered by many to repre- 
sent an acceptable risk when compared to the potential 
medical benefit of the examination to the patient. In prac- 
tice, very rarely does a diagnostic examination, including 
fluoroscopy, result in a dose to the uterus as high as five rad. 
Therefore, at the five rad level it would rarely be necessary 
to schedule an elective examination of a patient. Others, 
however, may argue for a lower dose to the embryo-fetus 
above which scheduling of elective abdominal and pelvis 
examinations should be required’, (“Scheduling’’ means 
arranging for an examination at the appropriate time be- 
tween menstrual periods. An “elective” examination is one 
which may be postponed and, may, therefore, require 
scheduling). 


PRINCIPLES OF RADIOLOGICAL PROTECTION 

When planning for allowable exposures the aim is to op- 
timize the balance between the benefit from the practice 
which involves radiation exposure and its costs, including 
the risks arising from the exposure (ICRP, 1977). This is as 
true of medical uses of radiation as of industrial uses, al- 
though in detail the criteria may be different. The recom- 
mendation that special care should be observed in relation to 
diagnostic radiography of women in the reproductive age 
because of the possibility of irradiation of an embryo in the 
earlier stages of development (ICRP, 1977, 1966) is a case in 
point, 

Whether the use of radiation is for medical or industrial 
exposures it is usual to set some dose level which should not 
be exceeded. This will be zero for an industrial use with a 
benefit which is regarded as trivial or when the benefit can 
be obtained by other means with a smaller concomitant cost 
(including risk). It will also be zero for medical uses if there 
is an alternative means with smaller cost (including risk), 
say perhaps ultrasonic methods of examination. When ex- 
posure of the fetus is involved, the allowable dose would be 
zero if the reasons against postponement of radiography of 
the mother until after delivery of the child are insufficiently 
strong. Dose limits greater than zero are set for annual 
occupational exposures. The assumption which determines 
the dose limit is that no industrial benefit, however large, 
justifies exposing workers to a risk appreciably greater than 
the average for the safer industries (ICRP, 1977). Corres- 
ponding numerical limits are not set for medical exposure 
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of sick people but the existence of occupational dose limits 
provides yardsticks against which the hazard of medical 
exposures may be judged, whether to patients who are 
seeking help, to apparently healthy persons undergoing 
screening tests, or to volunteers who participate in experi- 
ments (WHO, 1977). The hazard should be taken into 
account when making decisions, for example to set up a 
screening service ultilizing radiography or to approve of 
proposed experiments involving the exposure of volunteers 
to ionizing radiation. The hazard must be less than the ex- 
pected benefits but any rational cost-benefit-analysis has to 
take account of much more than that. Inevitably it is a com- 
plex matter in which judgement plays an over-riding part. 

Sanctions of various kinds are intended to keep occupa- 
tional exposures below the recommended dose limits. In 
practice the existence of these sanctions and of the whole 
system of radiological protection may often give the im- 
pression that something dire is almost bound to happen to 
the individual whose exposure over a given time period ex- 
ceeds the dose limit by even a small amount or fraction. How- 
ever, the dose limit for occupational exposure to radiation has 
been set by reference to the levels of occupational risk met 
with in the safer industries and originating from other 
causes, and therefore it has been set by statistical consider- 
ations of the average risk to a population over a working 
lifetime. This average is based on a wide range of levels of 
risk for different individuals. By comparison with this the 
extra risk to an individual of a year’s exposure exceeding a 
dose limit set in terms of annual exposure by a factor of, say, 
2-3 may be considered as not of great moment. ‘The extra 
risk would be 4-6), of that incurred by the hypothetical in- 
dividual exposed continuously at the dose limit for a period 
of 50 years, or about 50% extra for the hypothetical in- 
dividual exposed continuously to one-tenth of the dose 
limit for 50 years except for the single year in which he 
received the abnormal exposure under consideration. 

Given the range of occupational hazard amongst the 
different individuals who make up any given industrial 
population, this degree of extra risk above that which was 
being accepted anyhow might be regarded as negligible or 
nearly so. Yet occupational exposure in a given year at a 
level exceeding the dose limit by a factor of 2-3 usually leads 
to extensive discussion and concern about whether such an 
“over-exposed” individual should be allowed to continue 
with his radiation work and so on. Yet, as ICRP say, the 
main consequence of this degree of occupational over- 
exposure should be a careful consideration of how it came 
about to see if re-organization of work could prevent it in the 
future. The consequence of such an over-exposure should 
not be the creation of a climate of feeling in which both the 
individual himself and others in management, in trade 
unions and in safety organizations, feel strongly that he has 
suffered some serious harm. 

The latter attitudes need to be avoided also when con- 
sidering unwitting exposure of an early human embryo in 
the course of diagnostic radiography or the practice of 
nuclear medicine, It should be obligatory to make as rea- 
istic an assessment of the risk as knowledge allows before 
embarking on a course of re-assurance, or alternatively, 
interference with the pregnancy. Similarly a corresponding 
estimate of risk is required before a rationally based decision 
can be reached on restriction of exposures to diagnostic 
radiography. Such estimates were not the basis of the so- 
called “ten day rule”. This takes as its basis the concept that 
the allowable dose is zero, not because an alternative method 
of examination is available with a risk less than that of radi- 
ography, but because there may be insufficient need, i.e. 
benefit, for the examination to be performed at a particular 
time. In contrast with the occupational situation, where 
people are thought of as groups and work (occupational ex- 
posure) can be planned, the case of each individual patient 
requires consideration on its own merits to see if the need 
(benefit) for (from) a radiographic examination at a particu- 
lar time outweighs the risk resulting from performance of 
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the examination at that particular time. It is clearly extra- 
ordinarily difficult to estimate the degree of benefit to be 
associated with the performance of a given radiographic 
examination in a given patient, even with hind-sight, let 
alone without knowledge of the outcome. If the associated 
risk is small enough, however, there may be no need to 
estimate the degree of benefit with any precision, 

According to the arguments developed in this paper, the 
overall risk associated with a tissue dose in the developing 
embryo or early fetus of one rad would seem to lie in the 
range 0-1 per 1000 for all sequelae combined, i.e. serious 
malformations and cancer put together. The important 
judgement is whether or not this is a risk level against which 
precautions ought to be taken. The judgement should in- 
clude consideration of the extent to which the stated risk 
estimate may have been unduly inflated, for example by 
ignoring the evidence for thresholds for induction of mal- 
formations and especially by the choice of the risk value for 
cancer induction following exposure in the first four 
months of gestational age. Íf it is concluded that the risk 
level is high enough to justify the taking of precautions, 
there are at least three different courses of action which 
could be pursued singly or in combination: 

(a) improving techniques with the aim of reducing em- 
bryonic and fetal dose per examination and thereby re- 
ducing risk, 

{b} scheduling of examinations so as to reduce the 
chances that an embryo or fetus would be exposed to radi- 
ography, 

(c) persuasion and education of doctors in general with 
the aim of reducing the frequency with which relevant kinds 
of radiographic examinations are asked for. 

Each of these courses of action will reduce the risk in 
statistical terms, none will guarantee that the risk will be 
zero, each will cost maintained effort and finance to im- 
plement. Which (or which combination of all three) would 
be the most effort- and cost-effective? And can an answer be 
given for “radiography” in general or only in terms of 
specific examinations requested for specific reasons? More- 
over, in the UK the effort and cost will almost all be met 
from the resources of the NHS. There is thus a further 
question: are there alternative ways of expending the same 
effort and cost with benefits in other directions and in which 
direction would the national benefit be maximized? 
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Book review 


Ultrasonography in obstetrics and gynaecology. By J. C. 
Hobbins and F. Winsberg. pp. ix+174, illus., 1977 
(Williams & Wilkins Co., Baltimore) $21.00. 

This is one of a number of new books on ultrasound to 
have been released recently. It is one of the better ones and 
is the product of obviously close co-operation between an 
obstetrician and a radiologist. It contains about 170 pages 
and is strictly limited in clinical content as indicated by the 
title. Its approach is logical and analytical. Many practical 
aspects of scanning are rightly discussed because not only 
are they important, but they are often ignored and not 
understood. However, I do not think that the first (albeit 
short) chapter on the basics of ultrasound adds any weight to 
the book. 

The book’s main attraction is the combined clinical- 
radiological approach which shows a good two way under- 
standing. Each chapter finishes with a good list of references 
and the book’s appendix consists of the essential tables and 
graphs used in obstetrics ultrasound which have been ex- 
tracted from leading articles. This is quite excellent. 

Unfortunately, the quality of the text is not altogether 
matched by the quality of the illustrations. Many of the 
ultrasound films are accompanied by pencil drawings which 
is often a useful adjunct, but should not be a necessity. Some 
of the opinions represent a rather American attitude often 
imposed by the type of equipment used in the early days, 
e.g. many British users would not agree with the statement 
that ‘M-mode echocardiography is too tedius for use in the 
first trimester’. However, this is compensated for by a good 
approach to the use of real-time scanners and the value of 
the various fetal measurements. 

On the whole this is an excellent book, easily read and to 
be recommended. 

A. B. AYERS 
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Pain in peripheral arteriography—a comparison of a low 
osmolality contrast medium with a conventional compound 
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ABSTRACT 

The pain reaction to a new low osmolality contrast agent, 
sodium-methyl-glucamine-ioxaglate, in comparison to the 
conventional compound methylglucamine-ioxitalamate was 
tested and statistically evaluated in 12 patients using the 
visual analogue scale method. The intensity of pain experi- 
enced was significantly smaller following intra-arterial in- 
jection of the compound of low osmolality as compared to 
the conventional contrast agent. 


Pain due to the injection of the contrast medium is 
the most unpleasant side effect of peripheral arteri- 
ography. The development of contrast media induc- 
ing less pain is therefore of great importance. Modi- 
fications of the composition of the presently used tri- 
iodinated compounds have so far had only minor 
effects on pain reduction. Recently, contrast media 
with significantly lowered osmolality, such as non- 
ionic metrizamide (Almén et al, 1977; Almén and 
Tragardh, 1973) or a dimer of metrizoate (Björk 
et al., 1969) were shown to cause considerably fewer 
painful reactions, less pronounced haemodynamic 
changes, especially peripheral vasodilatation and 
reduced general and local toxicity. 

The purpose of this study was to test patients’ 
pain reaction to a new contrast agent of low osmo- 
lality, sodium-methyl-glucamine-ioxaglate (SMI)f, 


TR. Guerbet, Paris. 





in comparison with the conventional compound 
methylglucamine-ioxitalamate (MI). 


MATERIAL AND METHODS 

The pain reaction to SMI was tested following 
intra-arterial injection and compared with the effects 
of MI. The new monoacidic dimer type of contrast 
agent contains six iodine atoms instead of three, the 
osmolality is reduced to one third of that of ioxital- 
amate (580 mosmol/kg compared with 1430 mosmol/ 
kg) and the iodine content of both agents is equival- 
ent (0.32 g/l compared to 0.30 g/l) (Table I). 

Retrograde aortography was performed in 12 
patients (eight males, four females, aged 42-81 years, 
mean age 66 years). All had generalized, occlusive, 
Fontaine stage II arteriosclerotic disease. Patients 
under analgesic medication within 48 hours prior to 
arteriography or suffering from neurological disease 
(e.g. diabetes) were not included in the study. 

The patients were informed about the procedure 
in a standardized manner, The investigator ex- 
plained that different contrast media would be in- 
jected in order to examine the arteries in A.P, and 
oblique projections. The patients were asked to note 
the degree of pain felt following every injection by 
marking a visual analogue scale with a pencil. A new 
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scale was used for each pain-rating in order that the 
patient was unaware of his previous rating. On this 
analogue scale the left end of the 100 mm long line 
signified “no pain” and the right end “unbearable 
pain”. The pain intensities noted by the patient were 
measured in millimetres, 

Following local anaesthesia of the puncture site 
and percutaneous puncture of the femoral artery, 
80 ml of contrast material was injected at a flow rate 
of 20 ml/sec. Similar injections of 80 ml of saline 
0.9%, were done as a control study. For the three 
sequential injections the type of contrast medium or 
saline injected was selected at random following a 
complete crossover design. The operator was un- 
aware of the type of solution to be injected. The 
statistical evaluation was done according to the U- 
test (Mann-Whitney). The groups were compared 
one to another in pairs. A non-parametric method 
was chosen because the measurements were not dis- 
tributed normally. 


RESULTS 
The intensity of pain experienced by the 12 con- 
secutive patients was significantly smaller following 
intra-arterial injection of ioxaglate (SMI) (24.83 + 
26.03 mm) as compared to ioxitalamate (51.084 


with saline 0.9% (7.65 +-5.45 mm) ioxitalamate (MI) 
was significantly more painful (U =18.5, p< 0.01), 
whereas the painful sensations following intra- 
arterial injection of ioxagate (SMI) were less pro- 
nounced (U =40, p< 0.05) (Table I1). 

The quality of arterial contrast filling was identical 
for both types of contrast medium and the degree of 
opacification of smaller arteries was the same for 
both compounds. 


DISCUSSION 
The assessment of pain is usually based on verbal 
communication with the patient. However, verbal 
rating scales have the disadvantage that the subject is 


TABLE H 
VISUAL ANALOGUE SCALE SCORES (MEAN VALUES) 





















No Unbearable 
pan pain 
7.67 545 m NaCl 0.9% 
Shei £2603 am "SMI 
S108) 23075 mm MI 








forced to translate a feeling or sensation into words. 
The same word does not necessarily imply the same 
meaning for each patient. The intervals between 
word categories do not represent identical steps in 
pain intensity (Aitken, 1969). The so-called visual 
analogue scale used in psychosomatic medicine 
seems to be a method which reflects more precisely 
the quantity of the patient’s actual feelings (Joyce 
et al., 1975; Ohnhaus and Adler, 1975; Woodfore 
and Merskey, 1971). The visual analogue scale is also 
easily managed by the patient and is a convenient 
method for statistical evaluation. A more objective 
evaluation of painful sensations recorded by the 
patient is thus possible. The visual analogue scale 
method should therefore be used as a standard 
method when testing pain reactions to contrast 
media. 

This clinical investigation provides statistical con- 
firmation of reports that contrast agents of low osmo- 
lality cause significantly less pain than conventional 
contrast compounds (Almén et al., 1977; Almén and 
Trägardh, 1973; Björk et al., 1969). 

Since the osmolality of ioxaglate (SMI) is less 
than half that of ioxitalamate (MI), it is interesting to 
note that the painful sensations following intra- 
arterial injection of ioxaglate were about half as 
severe when compared to ioxitalamate. These find- 
ings suggest that pain parallels the degree of osmo- 
lality of the contrast agent applied (Almén and 
Trägardh, 1973; Boijsen et al., 1971; Lindgren et al., 
1968). For this reason the new monoacidic dimer 
sodium-methylglucamine-ioxaglate is an ideal con- 
trast material for peripheral arteriography. It causes 
minimal discomfort to the patient. 
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Book review 


Mutagen-induced Chromosome Damage in Man. Edited by 
H. J. Evans and D. C. Lloyd, pp. 355, 1978 (Edinburgh, 
University press). £1500; N.kr98, 

Since the previous presentation of data on chromosome 
damage in human lymphocytes eleven years ago, steady 
advances have taken place in techniques of chromosome 
preparation and analysis which have had marked effects on 
the progress of detection and quantitation of chromosome 
damage. This symposium which brings these advances up to 
date contains reviews and recent findings from 37 contri- 
butions in various fields of human cytogenetics associated 
with lymphocyte damage. The main contributions on 
quantitation of chromosome damage are related to irradi- 
ation sources and deal with the present position regarding 
dose-response relationships after in vivo whole or partial 
body X or y radiation and comparisons with in vitro 
irradiation of whole blood. The various criteria for analysis 
of chromosome damage are discussed at some length as to 
which method of scoring produced the greatest degree of 
accuracy. The latter part of the symposium deals with the 
detection of exposure to hazards from chemical mutagens 
and irradiation sources in the environment and includes long 
term studies from atomic bomb survivors and patients many 
years after irradiation treatment. Other contributions con- 
centrate on the economics of methods of testing clastogens in 
industry and the values of automation in chromosome analy- 
sis. 

‘The system used throughout, that of the phytohaemag- 
glutinis stimulation of “T-lymphocytes from peripheral 
blood, presents considerable difficulties both in interpret- 
ation and quantitation of results, There is still a considerable 
lack of information on the behaviour of circulating lympho- 
cytes in the body. This is brought out particularly in the 
studies on partial body radiation where the frequency of 
chromosome observations are well below those expected, 
and although some degree of comparability exists between 
aberration frequencies after whole body radiation and 
tymphocytes irradiated in vitro, there is still a wide range of 
variation in the results from different contributions. It is 
alse suggested that to account for these differences different 
sub-populations of lymphocytes may exist in the circulating 
blood which have differing radio-sensitivities and which 
differ in their time of first mitosis after PHA stimulation. 
Selection for analysis of the first mitotic division after 
stimulation is a technical difficulty which is discussed at 
seme length particularly in relation to the fixation time of 
mitotic cells. More recent advances whereby first mitoses 
can be recognized at any fixation time following bromo- 


Wooprorr, J. M., and Mersxey, H., 1971. Correlation 
between verbal scale and visual analogue scale and pres- 


sure algometer, Journal of Psychosomatic Research, 16, 
173-178. 


deoxyuridine (BUdR) incorporation and harlequin banding 
processing should eliminate some of these problems and 
vastly improve quantitation in future. Cell loss in vivo is 
also presented as one contributory factor in the difficulties of 
comparable analysis. 

The survival and detection of different types of chromo- 
some damage many years after irradiation are dealt with by 
two contributions and it would appear here that the 
technique of G-banding does not have the advantages 
which were expected. Although symmetrical translocations 
and inversions can be detected by banding which would 
otherwise be missed, it seems that centromeres become 
“blurred” so that some dicentrics can be undetected in the 
banding samples. 

Analysis of chromosome damage produced by chemical 
mutagens in vivo presents somewhat different problems and 
is more limited in terms of quantitation. Aberrations which 
are produced by irradiation in the Go circulating lympho- 
cytes are particularly rare following chemical mutagenic 
treatment. The lesions responsible here are capable of re- 
pair and are normally only converted and expressed as 
chromatid aberrations if affected cells pass through the S 
period in vitro after PHA stimulation. Most of the studies 
therefore deal with in vitro treatment of lymphocytes with 
suspected mutagens or studies of individuals accidentally 
exposed to chemical hazards up to a few days or weeks after 
exposure. 

The presence of a significant increase in yield of cells 
with aberrations is therefore regarded as a criterion of a 
chemical mutagen. Studies of the frequency of increased 
sister-chromatid exchanges (SCE) visible in the second 
mitotic division im vitro after BUdR incorporation is 
proving to be a very useful tool in the investigations of 
chemical mutagens. These are induced with a wide range of 
agents at doses well below those required to induce chromo- 
some aberrations. Considerable caution however is still 
required since aberration production is not necessarily 
correlated with SCE production in all cases. The increased 
SCE frequency can, it appears, be detected up to two weeks 
after accidental exposure to mutagens. A potentially valu- 
able method for chemical agents and pollutants with low 
mutagenic capability is also described by one contributor, 
whereby lymphocytes are kept incubated for up to two days 
in the presence of the agent prior to stimulation with PHA. 

This symposium report can be recommended to all those 
involved in the field of radiation therapy and dosimetry as 
well as workers in industry dealing with protection from 
chemical and irradiation hazards. C. H. Ockry 
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ABSTRACT 

Osteochondral fracture of the talar dome is an uncommon 
lesion occurring after ankle inversion and tearing of the 
lateral ligaments. This lesion can be overlooked if internal 
oblique radiographs are not obtained. The value of tomo- 
graphy is discussed. Symptoms may persist for many months 
if accurate radiographic diagnosis is delayed. Prompt 
arthrotomy is indicated to prevent post-traumatic arthritis 
of the ankle joint. 





Present address: Department of Radiology, University of 
Vermont College of Medicine, Burlington, Vermont 05401. 





Osteochondral fracture of the talar dome is an un- 
common ankle injury described in the past under a 
variety of terms: osteochondritis dissecans (De- 
Ginder, 1955; Ray and Coughin, 1947; Roden et al., 
1954), transchondral fracture (Davidson et al., 1967), 
dome fracture (Coltart, 1952; Mukherjee and Young, 
1973; Nisbet 1954) and flake fracture. By definition 
it is a fracture through that part of a bone that is 
lined with articular cartilage (Davidson et al., 1967). 


Fic. 1. 


(A) Schematic representation of an osteochondral fracture. Inversion with lateral ligament tear causes the lateral dome of 
the talus to strike the lateral malleolus. 


(B) Operative ‘‘stress’”’ radiograph demonstrating a fracture which has flipped 180 deg in its bed. There is associated tear of 
the lateral ligaments. 
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The fracture may be subtle, and proper radiographic 
evaluation is essential for accurate diagnosis. Delay 
in identifying the lesion results in chronic pain, 
disability and possible irreparable damage to the 
tibiotalar joint. A need for radiologic awareness of 
this lesion prompts this report. 


MECHANISM 

It has been shown experimentally (Berndt and 
Harty, 1959) that lateral dome fractures occur with 
inversion of the dorsiflexed ankle (Fig. 1). The 
fracture is located at the middle, or anterior half, of 
the lateral border of the talus, because in dorsi- 
flexion the wider anterior half of the talus fits 
snugly into the mortise. Inversion then impacts the 


lateral dome against the articular surface of the 
fibula. This injury is usually accompanied by tears of 
the lateral ligaments. 


MATERIALS AND METHODS 

In the past three years (June 1974-June 1977) at 
the Massachusetts General Hospital, 12 surgically 
proven cases of osteochondral fracture of the talar 
dome were seen (Table I). Case histories and 
radiographs were reviewed. There were 11 male 
patients and one female patient ranging in age from 
19 to 53 years, averaging 27 years. Nine patients had 
lateral dome fractures, two medial. One patient had 
simultaneous involvement of the medial and lateral 
dome. 


TABLE I 
SUMMARY OF 12 PATIENTS WITH OSTEOCHONDRAL FRACTURE OF THE TALUS 


































































































Age, Duration of Radiographic 
Patient | sex Injury Ankle symptoms findings ‘Tomograms Treatment 
1 19M | Inversion— R 6 months pain Lateral dome Yes Arthrotomy— 
tennis 6x 4x2 mm fragmen 
2 25M | Inversion L 3 months pain Lateral dome Yes Arthroscopy— 
fragment removed 
3 31M | Inversion R 2 months pain Routine films Lat. dome Arthrotomy— 
negative defect seen | 10x8 mm fragment 
4 23M | Inversion-— R 1 year pain Lateral dome No Arthrotomy— 
basketball fragment removed 
5 33M | Inversion-— R 4 years pain, Medial dome No Arthrotomy 
jumped from swelling 
fence 
6 23F | Professional L 9 months, Medial and No Arthrotomy— 
dancer, no locking, lateral dome curette and shave 
hx trauma popping 
7 19M | Jumped from R 6 months pain, Lateral dome No Arthrotomy 
freight car swelling and 
stiffness 
| 8 25M | Fall L 10 days pain Lateral dome Yes Arthrotomy— 
| fragment removed 
AE Se Cinna oe hie N a 
| 9 53M | “Twisted R 6 months pain Medial dome No Arthrotomy—— 
i ankle” and swelling fragment removed; 
deltoid ligament 
' repair 
19 l 19M | Jumped 15ft R 2 years pain Lateral dome Yes Arthrodesis for 
| from balcony traumatic arthritis-— 
| l loose bodies removed 
| t1 i 38M | Inversion—~ R 1 day Lateral dome Yes Arthrotomy— 
football fragment fragment removed 
flipped 180 deg. 
12 20M | Jumped from R 1 hour Lateral dome No Arthrotomy— 
fence fragment fragment removed: 
flipped 180 deg. 15 <5 mm lateral 
| | ligament repair 
i 
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Fic. 2 


(a) A.P. radiograph demonstrating an osteochondral fracture 
of the lateral dome of the talus (arrow) which is hidden by the 
the talus and fibula. 
(B) Mortise view of same ankle clearly demonstrating the 
fracture fragment free of overlap. An associated lucency in 
the talar dome can be readily identified. 





RESULTS 

The most striking clinical finding 
duration of symptoms. Most patients were able to 
describe the offending injury but symptoms per- 
sisted for an average of nine months before the 
accurate diagnosis was established (range two 
months to 48 months). In four of the twelve patients 
the radiographic findings were overlooked. Tom- 
ography was performed in six cases. One patient 
had routine ankle radiographs (A.P. lateral and 
internal oblique) interpreted as normal on three 
occasions but subsequently tomography revealed an 
osteochondral fracture of the lateral dome of the 
talus. Six patients sustained inversion injuries, four 
jumped from a height, one patient gave a history of a 
“fall?” and one patient had no known history of 
trauma. 


was the 


RADIOGRAPHIC CHARACTERISTICS 

Proper radiographic managment of these lesions is 
essential. A.P. and lateral radiographs of the ankle 
are not adequate for diagnosis (Roden et al., 1954). 
The 10 deg internal oblique (mortise view) is 
mandatory in all ankle trauma. The A.P. view ob- 
scures the lateral dome of the talus due to the lateral 
malleolus overlapping the talus and tibia. The 
mortise view enables one to view the lateral dome 
free of overlap because the medial and lateral 
malleolus are parallel and the talofibular joint is open. 
This view enables one to see the small flake of bone 
or crescent shaped defect (Fig. 2). If the fracture is 
small, however, it still may not be seen. In these 
circumstances, internal oblique radiographs of the 
ankle in neutral, plantar flexion and dorsiflexion 
have been recommended (Yvars, 1976). However, if 
clinical suspicion is high, tomography is essential. 
Pluri-directional tomography, in lateral and mortise 
planes, has been of most value in localizing the 
fracture fragment. A.P. tomograms may obscure a 
small fragment due to overlapping shadows. The 
radiographic size of the fragment is smaller than that 
seen at operation, because the chondral component 
is radiolucent. Patient No. 3 had negative radio- 
graphs and positive tomography (Fig. 3). 


DISCUSSION 

Talar dome defects have been described by con- 
fusing terminology. Lesions with identical charac- 
teristics have been called fractures by some and 
osteochondritis by others (Berndt and Harty, 1959). 
Part of the confusion dates back to 1888 when Konig 
stated that the abnormality was caused by a disease 
process of unknown origin which he termed osteo- 
chondritis dissecans (Campbell and Ranawat, 1966). 
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Fic. 3. 
Vlortise and (B) lateral radiographs were interpreted as normal on several occasions. (C) Internal oblique and (D) lateral 
tomograms demonstrate a subchondral fracture (arrow) with associated lucency in the talus. At surgery, a loose fragment 


was removed, 


Unfortunately this terminology has persisted in the 
literature. Although occasionally disputed (Campbell 
ind Ranawat, 1966) it has been shown experi- 
mentally that the lesion radiologists recognize as 
osteochondritis dissecans of the talus is not due to 
idiopathic avascular necrosis but to injury (Berndt 
and Harty, 1959; O’ Donoghue, 1966). 

[he medial talar dome is the characteristic loca- 
tion for lesions that the radiologist recognizes as 
osteochondritis dissecans (Ray and Coughlin, 1947; 


Vaughan and Stapleton, 1947). Although a history 
of trauma is frequently lacking, this lesion is the 
result of a compression injury. Impaction causes 
damage to the blood supply of the affected segment 
with resulting necrosis (Berndt and Harty 1959). 
Many of these patients can be managed conservately 
because there is no loose joint fragment. It is not 
intended to discuss this entity further and therefore 
all cases of medial dome lesions, with the character- 
istic button of bone surrounded by a lucent rim 
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Fic. 4. 


Typical radiographic appearance of the lesion radiologists 


recognize as ‘“‘osteochondritis dissecans’, There is a 
“button” of bone with surrounding lucent rim. 
g 


(Vaughan and Stapleton, 1947), were excluded from 
this study (Fig. 4). 

The most important factor in the recognition of 
osteochondral fractures of the dome of the talus is an 
awareness of the condition on the part of the clinician 
and radiologist (Smith et al., 1977). The possibility 
should be considered in every ankle injury, especially 
those with an inversional component (Mukherjee 
and Young, 1973; Smith et al., 1977). After an acute 
inversion injury, lateral ligament injury may 
initially overshadow the osteochondral fracture. 

After the acute injury, there is a latent period 
during which disability is slight and the diagnosis 
may be overlooked. Soon however, a chronic period 
will ensue. Patients with persistent pain, especially 
between the talus and tibiofibular syndesmosis, 
should be suspect. Tenderness, crepitation, recur- 





rent swelling, clicking or symptoms of a ‘weak 
ankle’ all raise the possibility of a fracture of the 
dome of the talus (DeGrinder, 1955; Yvars, 1976). 
Chondral or osteochondral injury should be sus- 
pected if the clinical symptoms seem out of propor- 
tion to the findings. Tomography is strongly recom- 
mended in suspected osteochondral fracture of the 
talar dome even with negative routine ankle radio- 
graphs (Blom and Strijk, 1975; Ray and Coughlin, 
1947). 

Some of these lesions can be managed conserva- 
tively but most authors feel that surgical removal of 
the fragment and repair of ligamentous 
damage offers better results (Berndt and Harty, 
1959; Blom and Strijk, 1955). Delay in surgical 
removal of a loose fragment may result in post- 
traumatic arthritis and possible arthrodesis (David- 
son et al., 1967). 


loose 
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ABSTRACT 

Angio-immunoblastic lymphadenopathy (AIL) produces 
ı characteristic lymphoproliferative syndrome, with charac- 
teristic lymphographic appearances. The authors studied 
the lymphographic manifestations of 18 cases of AIL. In 15 
out of 18 cases, enlargement is observed in all the lymph 
nodes with a lacy or reticular storage pattern and sharp, well 
delimited margins. This lymphographic appearance reflects 
the histologic changes; only the peripheral sinuses, which 
are not involved, can be observed on lymphography. 


A recently recognized entity, angio-immunoblastic 
(AIL) is a lympho- 
proliferative syndrome. Since the first publications 
(Frizzera et al., 1974; Horne et al., 1974; Lukes and 
Collins, 1974; Nomanbhoy and Prager, 1974; Tan- 
gun et al., 1974), the main reports have been pub- 
lished by the teams of Rappaport, Lennert and 
Flandrin (Frizzera et al., 1975; Radaszkiewicz and 
Lennert, 1975; Flandrin, 1976). 

The diagnosis is based on histologic findings of a 
lymph node biopsy: (1) hypervascularization which 
paracortical region; (2) a 
lymphoplasmo-immunoblastic reaction; (3) P.A.S. 


lymphadenopathy specific 


predominates in the 


interstitial deposits, especially in the cortical and 
para-cortical regions. According to Radaszkiewicz 
and Lennert (1975) these deposits are inconstant. 
Sometimes epithelioid histiocytes prevail and these 
three histologic criteria may be masked (Frizzera et 
al., 1975). A particular characteristic of AIL is the 
fact that the peripheral sinus does not become in- 
volved. 

More than 200 cases have been reported and 
AIL’s radiological particularities have been em- 
phasized by Libschitz et al. (1977); Serres et al. 
(1977), and Zylak et al. (1976). 

\lthough 42 lymphograms have been performed 
in these series, it is our view that insufficient atten- 
tion has been paid to the findings. The aim of the 
present study is to document the lymphographic 
changes in 18 cases of AIL and to compare these 
with the described histology. 


PATIENTS and METHODS 
From 1968 to 1977 18 patients with AIL were 
seen at the “Fondation Bergonié’’, Bordeaux, 
France. Lymph node biopsies were systematically 
performed; for nine cases the diagnosis of AIL was 
established retrospectively during a review of the 





slides of a series of malignant lymphomas (Meugé 
and Mascarel, 1977). 

The ages ranged from 24-84 years with a mean 
age of 62 years. There were 13 males and five 
females. Most of the patients in our series presented 
a similar clinical picture. Generally speaking, they 
were elderly patients presenting with generalized 
disease and fever (16 cases), weight loss (14 cases), 
sweating (12 cases), asthenia (12 cases), accompanied 


Fic. 1. 


AIL, typical appearance on the lymphangiogram: close-up 

view of enlarged inguinal nodes with a lacy and reticular 

storage pattern. Sharp well delimited margins. Normal 
lymph vessels. 
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TABLE I 
nains | 
Age and sex Topography Morphology 
58 F Diffuse enlargement; Lacy or reticular pattern; 
predominating in the iliac region sharp and well delimited margins 
7NF Diffuse enlargement Lacy or reticular pattern; 
sharp and well delimited margins 
67 F Diffuse enlargement; Lacy or reticalat pattern; 
predominating in the iliac region sharp and well delimited margins 
42M Diffuse enlargement; Lacy or reticular pattern; 
predominating in the iliac region sharp and well delimited margins; 
a few zones with granular pattern 
51M Diffuse enlargement Lacy or reticular pattern ; 
sharp and well delimited margins; 
a few zones without apparent margins; 
a few zones with granular pattern | 
63M Diffuse enlargement Lacy or reticular pattern; | 
sharp and well delimited margins; 
a few zones without apparent margins 
70M Diffuse enlargement; Lacy or reticular pattern ; 
predominating in the iliac TERON sharp and well delimited margins; 
a few zones with granular pattern 
53M Localized lumbar enlargement Lacy or reticular pattern; 
a few defects 
65M Diffuse enlargement; Lacy or reticular pattern ; 
predominating in the iliac region sharp and well delimited margins; 
a few zones with defects 
28 M Localized iliac enlargement Granular pattern 
61 F Diffuse enlargement; Granular pattern 
predominating in the iliac region 
52M Diffuse enlargement; Lacy or reticular pattern; 
predominating in the iliac region sharp and well delimited margins 
62M Diffuse enlargement Lacy or reticular pattern ; 
sharp and well delimited margins ; 
a few zones without apparent margins | 
84M Diffuse enlargement; Lacy or reticular pattern; 
predominating in the iliac region sharp and well delimited margins; 
a few zones without apparent margins | 
56 F Diffuse enlargement Lacy or reticular pattern ; 
sharp and well delimited margins 
74M Diffuse enlargement Lacy or reticular pattern; 
sharp and well delimited margins; 
persistance of opacification of lymph 
vessels on the lymphogram 
41M Localized left iliac enlargement Lacy or reticular pattern ; 
sharp and well delimited margins 
65M Diffuse enlargement Lacy or reticular pattern; 
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Fic. 2. 
Tomograms of typical enlarged inguinal nodes: the reticular pattern is due to visualization of the peripheral sinus whereas 
the central part of the lymph node is only slightly opacified. 


by skin minifestations such as pruritis (17 cases) or 
skin rash (14 cases). Superficial lymphadenopathy 
was almost always generalized (17 cases); it was local- 
ized in only one case. Splenomegaly was present in 11 
cases and hepatomegaly in nine. Biologic disorders 
encountered were: hyperimmunoglobulinaemia (16 
cases), haemolytic anaemia with positive Coomb’s 
test (15 cases) and increased erythrocyte sedimenta- 
tion rate (15 cases). 

Neither diagnostic laparotomy nor splenectomy 
were undertaken. Three autopsies were performed. 

In all cases, bilateral lymphography was per- 
formed within the first three months of the affection. 
In three cases tomograms of involved nodes were 
also performed. 


RESULTS 
The lymphograms were never normal. The fre- 


quency of lymphographic abnormalities is noted in 
Table I. 

The positions of the lesions were: diffuse with 
homogeneous enlargement of lymph nodes in all 
regions (seven cases); diffuse enlargement but 
predominating in the iliac region (eight cases); 
localized with atypical enlargement (iliac: one case; 
lumbo-aortic: one case) and a normal appearance in 
other regions; localized and typical enlargement with 
moderate hyperplasia in other regions (one case). 

Morphologically, the following lymphographic 
manifestations may be associated: lacy or reticular 
pattern of the lymph nodes (16 cases), lacy or 
reticular pattern with sharp and well-delimited 
margins (typical appearance) (15 cases), (Figs. 1 and 
2), granular pattern of the lymph nodes (five cases), 
(Fig. 3), lacy or reticular pattern and a few zones 
without apparent margins (five cases) (Fig. 4), 
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Fic. 3. 


AIL appearance on lymphadenogram: close-up view of 
slightly enlarged iliac nodes with granular pattern. No 
defect. 


localized defects (two cases) (Fig. 5), persistence of 
opacification of the lymph vessels on the lympho- 
gram (one case). 

The lymph nodes were not extremely large in any 
of the cases: the transverse diameter, measured on a 
P.A. view, never exceeded 2.5 cm, taking into ac- 
count an average magnification of 1.2. 

‘Tomograms performed in three cases had a typical 
appearance; they showed lacy and reticular patterns 
in the peripheral sinus. 


DISCUSSION 
The different frequencies involving age, sex and 
clinical symptoms noted in our observations are 
similar to those mentioned in other series (Frizzera 
et al., 1975; Radaszkiewicz and Lennert, 1975; 
Flandrin, 1976). 
Only 42 of the patients previously published 





FIG. 4. 


AIL appearance on lymphadenogram: close-up of the iliac 
nodes with enlargement and reticular storage pattern of 
lymph nodes. Some non-opacified margins. 


underwent lymphography. This examination is use- 
ful in establishing the diagnosis of AIL, as the ap- 
pearance of the lymphogram is often typical (Mathe 
et al., 1976; Rochant et al., 1976; Libschitz et al., 
1977; Rouanet et al., 1977; Serres et al., 1977). 

In fact, these appearances are explained by the 
histologic lesions. In AIL the normal morphologic 
structure of the lymph node disappears and is re- 
placed by vascular and cellular proliferation. In all 
cases the capsule is infiltrated; sometimes the in- 
volvement extends beyond the capsule, but the peri- 
pheral sinuses do not become involved; this factor 
aids in ruling out the diagnosis of malignant lym- 
phoma (Figs. 6 and 7). 

The lesions are generally widespread, predomin- 
ating in the iliac regions. Rouanet et al. (1977) and 
Serres et al. (1977), state that all the lymph nodes of 
a given chain are abnormal, but, on the other hand 
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Fic. 5. 


ATL appearance on lymphadenogram: lumbar node in- 
volvement with extensive defects. Small defects in the 
lumbar lymph nodes. 


Thomas et al. (1976) describe, as we do, one case 
with an isolated lesion. The lacy or reticular pattern 
is described by all authors. The granular pattern is 
less frequently observed (Serres et al., 1977). Charac- 
teristically, the lymph node margins in AIL are 
sharply defined. Thus the image most frequently 
observed is a lacy or reticular pattern with sharp and 
well-delimited margins. 

However, this appearance is not found in every 
vase (Thomas et al., 1976). It depends on visual- 
ization of the peripheral sinus, whereas the central 
part of the lymph node is only slightly, or not at all 
opacified. On tomograms this opacification is linear 
and irregular, thus explaining the invisibility of the 
margin in some lymph nodes. The association of 
these lymphographic signs seems to differentiate 
AIL from Hodgkin’s disease. In Hodgkin’s disease 





Fic. 6. 


Diagram of a normal lymph node in which the canals have 
been enlarged for demonstration purposes. 





Fic. 7. 


Diagram of AIL’s lymph node: the central part of the lymph 

node, the radial sinuses are involved. The peripheral sinuses 

are not involved, thus explaining the lacy or reticular pattern 
with well delimited margins. 


some lymph nodes have a normal appearance, 
whereas other nodes in the same chain show filling 
defects (Lamarque et al., 1967). 

In non-Hodgkin lymphomas only a few groups of 
lymph nodes may be involved; there is a very marked 
enlargement; the peripheral sinuses are involved, 
and thus the typical appearance encountered in AIL 
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is not found here. In chronic lymphatic leukaemia all 
the lymph node chains are involved. The lymph 
nodes are enlarged and have a granular appearance. 
Tuberculosis is characterized by moderately en- 
larged lymph nodes with irregular and patchy 
defects (Betoulieres et al., 1968). Collagen diseases 
are characterized by lymph nodes which are moder- 
ately hypertrophied with regular and granular pat- 
terns. These lymphographic results differ, in most 
cases, from those of AIL (Rauste, 1972; Lagarde et 
al., 1975). 

Even though the diagnostic value of lymphography 
is more topographic than aetiologic, the typical ap- 
pearance of the AIL view should be emphasized. 
Finally, in most cases, the lymphographic ap- 
pearance reflects the histologic pattern; thus only the 
peripheral sinuses, which are not involved, can still 
be observed on lymphography. This feature results 
in lymphographic findings which are often charac- 
teristic of the disease. 
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ABSTRACT 

A prospective study to assess the clinical usefulness of 
camputer processing of liver scans has been carried out on 
203 patients. All patients have had six months follow up to 
confirm the diagnostic accuracy of the scan results. Four 
presentations have been studied using ROC analysis: 

(i) original gamma-camera pictures; 

(it) processed images obtained using a non-stationary 

filter; 

(iii) images processed using nine-point smoothing; 

(iv) images obtained by linear interpolation at 25 isocount 

levels of display. 

It is concluded that pictures obtained by use of a non- 
atationary filter at 25 isocount levels are superior to con- 
ventional gamma-camera pictures and displays obtained by 
linear interpolation only, All three are considerably superior 
to the images obtained by nine-point smoothing in detection 
of focal space-occupying lesions. Based on the results 
obtained, a strategy for the rational use of computer pro- 
cessing of gamma-camera liver scans is proposed. 


In static imaging computers have been used to 
reduce statistical noise and to enhance contrast. The 
results obtained so far are conflicting. The conclu- 
sions drawn vary from “computer displays are 
superior” (Tauxe, 1968; Gustafsson and Pizer, 1975) 
to “computer displays produce no change in index of 
detectability” (Kuhl et al., 1972) to “computer pro- 
duces increase in false positive rate” (Sebern et al., 
1976), We started this project primarily to resolve 
this confusion. In the first part of the project the 
value of various isocount levels in determining the 
sensitivity of liver scanning in detecting focal lesions 
was assessed, and in the second part the processing 
of these isocount levels was assessed. The results of 
the first part of the study, which have been reported 
fully (Rai, 1977; Rai et al., 1977), show that in iso- 
count display 25 levels is the best number of isocount 
levels at which to see a smoothed image of the liver 
and that this is better than the original gamma- 
eamera scan. In the second part the effect of nine 
point smoothing and processing by a non-stationary 
filter developed by Alpert et al. (1977) on this iso- 
count level was assessed. The results of this study 
are presented here. 








* Present address: Chesterton Hospital, Cambridge, 


CB4 IPT. 


METHOD 

All liver scans were carried out on a gamma 
camera (Ohio-Nuclear 100 series) linked to a Nova-2 
computer. Each patient was given 1 mCi of 9°Tc™ 
labelled sulphur colloid and four views were re- 
corded using a diverging collimator, i.e. anterior, 
anterior with lead marker to outline the costal 
margin, posterior and right lateral. The number of 
counts collected was 100 k for anterior and posterior 
views, and 80 k for the lateral view. The data of each 
view (i.e. X and Y pulses) from the gamma camera 
were stored on 64. 64 matrix. The data were then 
transferred onto a magnetic disk for storage. At the 
end of each day all scans were displayed in three 
different ways: by using linear interpolation from 
642 to 128? at isocount level 25 (without smoothing 
or enhancement); by using nine-point smoothing; 
and by using a non-stationary filter developed by 
Alpert et al. (1977). The filter used had two para- 
meters hand s. The parameter A determined the shape 
of the filter near zero frequency and thus can be said 
to represent the degree of enhancement; and the 
parameter s determined the minimum signal-to- 
noise ratio required in the final image and thus can 
be said to represent the degree of smoothing. The 
actual mathematical relationship of these parameters, 
as modified by J. D. Fenwick at Newcastle General 
Hospital, Newcastle upon Tyne, can be summarized 
as follows: 

The shape of the filter in the spatial domain is 
defined by: 

f =a for -liS xS Lij 
sag for — Lojz S x< Li j2 
=a for L12 <x S Lojz i 

Where a; and ag aer gains and Lı and Lz are the 
integers. 

The Fourier Transform (F(W) ) can be written: 


F(W)->1+-hw?/24 as w0 we (1) 
which leads to the conditions: 

a Lita (Lg —Ly)= 1 occ eee (2) 

a la-a (L8 —-Ly)=—-h wee (3) 
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If Lı and Le are defined by: 

[Ly =2n-+-1; La=(2n-+-1--(—1"))/2 n=1,2...... 
Then equations (2) and (3) can be solved for a, A, 
and a for each value of z. 

The algorithm is implemented as follows: 

f(x) is generated for n==1 and convoluted with the 
image to give an output N. If the condition 


N? =s? a2(N) 


is satisfied, then N replaces the original data point, 
otherwise h is increased and the process repeated 
until equation (4) is satisfied. This is done for each 
point in the image. The entire process is then re- 
peated with f(y) to give a two-dimensional image. On 
the initial assessment m==1 produced artefacts when 
s was specified to be less than the signal-to-noise 
ratio of the image. Therefore the algorithm was 
started at n=2 and terminated at n==5, 

To assess the filter objectively it was decided that 
one value of each of the two parameters h and s 
should be chosen despite the fact that theoretically 
the smoothing and enhancement required would 
vary from scan to scan depending on size of lesion, 
count density, etc. The optimum values of h and s 
were chosen by looking at ten scans of patients in 
whom the histological diagnoses were known. These 
ten scans consisted of five cases who had definite 
space-occupying lesions, four patients who had 
normal livers and one patient who had cirrhosis. The 
anterior view of each scan was processed with vary- 
ing degrees of smoothing (s) and enhancement (A). 
The values used for h were 0, 5, 10, 15 and 20 and 
for s 0, 10, 15, 20 (although the value of s was stated 
as 0 on command, the actual value was 6-7 because 
of the signal-to-noise ratio of the images. 

All the scans displayed with varying values of h 
and s were reported blindly by two individuals using 
confidence grading 0-4 (where 0, 1 and 2 are 
respectively 100%, 75-90%% and 50°% certainty of 
presence of no space-occupying lesions and 3 and 4 
are 75-90%, and 100% certainty of presence of 
space-occupying lesions). Two observers reported 
the scans twice, over one week, so as to provide 
adequate numbers for plotting ROC (receiver oper- 
ating characteristics) curves. The scans with the best 
values of A and s from the curves for the two indi- 
viduals were then assessed subjectively knowing the 
diagnoses. From this procedure one value of A with 
one value of s were picked which displayed the 
space-occupying lesions most clearly and yet did not 
produce too many artefacts. This was done to intro- 
duce some objectivity although the one level of en- 
hancement and smoothing cannot be optimum for 
all scans. It is not clear from previous reports how 


other groups have tried to solve this problem. One 
can only assume that a value was picked for smooth- 
ing or enhancement depending on what they ex- 
pected to see on the scan. Although this is probably 
ideal for a nuclear medicine department for a day to 
day service as suggested by L. J. Quinn IIT (1972), 
this cannot be used for a clinical trial where sub- 
jective elements should be minimal. 

The overall accuracy of processing was assessed 
both by ROC curves drawn for four observers (three 
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F+ 
Fic. 1. 
ROC curves for observer I constructed (using all scans) for 
four different modes of presentation of scans, i.e. gamma 
camera scans, scans displayed at 25 isocount levels by linear 
interpolation, scans processed by non-stationary filter and 
scans processed by nine-point smoothing. Processing by 
non-stationary filter is clearly the best. 


OBSERVER |I 


mame Processing by non-stationary filter 
seme: Display by linear interpolation 
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mamom Nine-points smoothing 
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Fic. 2. 
ROC curves for observer II constructed in the same way as 
Fig. 1. 
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Fic. 3, 
ROC curves for observer I constructed using all scans 
except those of patients who had known chronic liver 
disease or signs of chronic liver disease at the time of 
scanning. All the curves are moved towards the left hand 
corner of the graph by this manoeuvre. 
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ROC curves for observer II constructed in the same way as 

Fig. 3. The improvement is more obvious on the curve for 

the non-stationary filter. The curve for the filter reaches a 

near ideal position with a true positive rate of 100% and a 
very small false positive rate. 


TABLE I 
‘TRUE AND FALSE POSITIVE AND NEGATIVE RATES FOR FOUR DIFFERENT TYPES OF PRESENTATION OF SCANS 





True positive 
fraction 

















‘True negative 


False positive 
fraction 


fraction 


False negative 
fraction 











Processed scans (non-stationary filter) 53/53 =1 








C 16/150=0.11 





134/150 =0,89 















Display by linear interpolation at 
25 isocount levels 


47/53 =0.89 








140/150=0.93 10/150 =0.07 














43/53 =0.85 








143/150=0.95 7/150 =0.05 8/53 =0.15 








eee scans 


32/53 =0.60 


4 













143/150=0.95 


7/150=0.05 21/53 = 0.40 








TABLE II 
STATISTICAL COMPARISON (CHI SQUARE VALUES) OF T POSITIVE VALUES OF VARIOUS TYPES OF DISPLAY 




















—— 
Processed scans 
(non-stationary 25 isocount Gamma-camera Nine point 
filter) levels displays scans smoothing 
Processed scans (non-stationary filter) | 4.416* 8.83* 23,75%% 
25 isocount level displays 0.082 (NS) 9.744% 
| Gamma-camera scan 6.844* 
| Nine point smoothing 

















* -= Significant at 0.05 level of probability. 
*# <x Significant at 0.01 level of probability. 
NS = Not significant. 
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physicians and one physicist), since it is the best way 
of analysing the results and of forming diagnostic 
strategies (Metz et al., 1977), and by calculating true 
positive, false positive, true negative and false 
negative fractions. 

All patients were followed while in hospital and 
thereafter for six months at regular intervals. Where 
possible, histological findings, autopsy findings or 
laparotomy findings were obtained and correlated 
with clinical diagnoses and scan reports. 


RESULTS 

Assessment of parameters h and s of the filter 

The ROC curves drawn show that the value of h 
and s that produced the best results for observer I 
were h=10, s=0, and h=10 and s=10; and for 
observer II were h=15, s=0 and h=15, s=10. Our 
subjective reporting showed that as smoothing, t.e. 
the value of s, was increased the scan became blurred 
and the obvious lesions on the gamma camera scan 
were lost. Correspondingly as the value of A (i.e. 
enhancement) was increased, the noise was brought 
out even in the normal scan. From this we concluded 
that a near optimum value of h and s should be some- 
where in the middle range, 7.e. h=10-15, and s 
10-15 as suggested by ROC curves for two observers. 
From the subjective assessment the values of the 
parameters picked out for objective assessment were 
h=10, s=10. These were the values of the para- 
meters of the non-stationary filter which produced 
fewest artefacts on the scans reviewed and yet en- 
hanced the lesions present in the gamma-camera 
scans. These were the values used to process the next 
250 scans. 


Results of processing using nine-point smoothing and 
a non-stationary filter 

In total 250 scans were displayed by linear inter- 
polations from 642-1282, by nine point smoothing, 
and with the non-stationary filter. Satisfactory 
clinical follow-up was available on 203 patients only 
(155 had diagnoses made by needle biopsy, at lapar- 
otomy or at autopsy: 33 had normal scans and at six 
months were clinically well, and 15 patients with 
obvious multiple space-occupying lesions in the liver 
and proven primary malignancy elsewhere were 


Fic. 5. 

Scan display at 25 isocount levels by linear interpolation (A), 
processed scan by non-stationary filter (B), and a nine point 
smoothed scan (c) of a patient with multiple abscesses 
diagnosed at laparotomy. These are clearly represented by 
focal defects on the processed scan. The nine point smooth- 
ing abolishes the true focal lesions. c 
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assumed on clinical grounds to have secondaries in 
the liver. Four of these 15 patients died within the 
six month period and the rest deteriorated with fur- 
ther enlargement of their livers). 

Fhe ROC curves drawn for four observers (illus- 
trated here for two, a physician and a physicist, in 
Figs. 1 and 2) show that processing by a non- 
stationary filter results in a higher true positive rate 
than that achieved by the original gamma camera 
scans, by 25 isocount levels display (produced with- 
out smoothing or enhancement) or by displays 
produced with the use of nine-point smoothing. In 
fact the nine-point smoothing results in an obvious 
fall in true positive rate compared to the original 
gamma camera scan or display of 25 isocount levels 
(achieved using linear interpolation from 64?—>1282 
only). The curves for the gamma camera scans and 
the 25 isocount levels displays are similar in both 
Figs. 1 and 2. 


[he curves for processed scans are even better 





when one excludes those of patients who are known 
to have had chronic liver disease at the time of scan- B 
ning and those who had clinical signs and symptoms 
suggestive of chronic liver disease (Figs. 3 and 4). 
[he majority of these patients were known cases of 
alcoholic cirrhosis, chronic active hepatitis and 
primary biliary cirrhosis. The curve for processed 
scans for observer II (physician), for example, 
eached the ideal position which is a true positive 


rate of near 100°, with a negligible false positive 
rate (Fig. 4). 
The true positive fraction, false positive fraction, 


true negative fraction and false negative fraction, 





c 


FIG. 6. 


Gamma-camera scan (A), display by linear interpolation at 
25 isocount levels (B), and scan processed by non-stationary 
filter (C) of a patient with multiple secondaries. Although the 

A focal areas of disease are seen on all three modes of presenta- 
FIG. 6. tion they are most obvious on the processed scan. 
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TABLE HI 
CLINICAL STRATEGY FOR THE USE OF COMPUTER PROCESSING OF LIVER SCANS 


ALL PATIENTS 


Review notes and clinical status 


Display all scans at 
25 isocount levels, 


Patients with 

(a) known chronic liver disease, 

{b} signs of chronic liver disease 
require no processing, 


which were obtained by reporting (by one physician) 
the scans with “yes” or “no” with regard to a pres- 
ence of focal liver disease, are represented in Table I. 
The statistical comparison of true positive values for 
the various groups is given in Table II. 


DISCUSSION 

The results of this study analysed using ROC 
curves show that processing with the use of a non- 
stationary filter results in scans of greater diagnostic 
value than ordinary gamma-camera scans or isocount 
displays obtained without smoothing or enhance- 
ment. The scans processed with the filter are even 
more useful in picking out those cases of multiple 
focal lesions which produce an appearance of patchy 
uptake of colloid even on the display of 25 isocount 
levels (Fig. 5). Lesions which on gamma camera 
scans or on the display of 25 isocount levels are just 
about visible are made prominent by the non- 
stationary filter (Fig. 6). Unfortunately, with pro- 
cessing false focal lesions may be created as sug- 
gested by Sebern et al. (1976), especially in cases of 
cirrhosis and liver congestion. As both regenerative 
nodules producing the appearance of “pseudo- 
tumours” in cirrhosis and true space-occupying 
lesions are focal areas of disease it is not surprising 
that both are enhanced by the filter. The nine-point 
smoothing on the other hand not only smooths and 
gets rid of the “noise” but it also blurs the obvious 
large lesions and abolishes the small ones (Fig. 5). As 
a result of this there is a fall in true positive rate. 

Our results therefore lead us to suggest that nine- 
point smoothing is an unsatisfactory method of pro- 
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Patients with obvious space- 
occupying lesions or those with 
normal uptake of colloid in a normal 
size liver require no processing, 


Process: 

(1) those with malignant disease who 
have hepatomegaly or 
splenomegaly with patchy 
uptake of colloid on display, 

(2) those with high clinical index of 
suspicion with regard to focal 

‘liver disease, 
(3) those with obstructive Jaundice 






cessing liver scans when the number of counts is 
100 k for anterior and posterior views and 80 k for 
lateral view. 

If the computer is to be used efficiently in static 
imaging a strategy needs to be developed which 
would increase the accuracy of the liver scanning as 
well as saving time and money. A recommended 
plan (Table HI) would be to display all scans at 25 
isocount levels and process: (i) those who have 
primary malignancy and have hepatomegaly or 
splenomegaly with patchy uptake of colloid on 
gamma camera scans (since in our series hepato- 
megaly was present in 100°, of patients who had 
secondary malignant involvement of the liver com- 
pared to 19%, of those who did not (P <0.001); and 
splenomegaly was present in 57°, of patients with 
secondary malignant involvement of liver and in 
only 13% of those without secondary malignant 
involvement (P< 0.01); (ii) those who have a clinical 
index of suspicion regarding malignant involvement 
of liver and (iii) cases of obstructive jaundice. In the 
latter cases, although the most useful investigation 
might be to carry out dynamic studies with 11] 
Rose Bengal or ultrasound, if a 9”Tc™ sulphur colloid 
scan is performed it should be processed as dilated 
ducts of extrahepatic obstruction are more obvious 
on the processed scan than on gamma camera scans 
(Fig. 7). This strategy would exclude from pro- 
cessing patients with chronic liver disease. If such a 
strategy obtaining maximum value from processing 
is to be used, one needs to have available full 
clinical information from notes as well as from 
clinical examination at the time of scanning. 


G. S. Rai, J. W. Haggith, 7. D. Fenwick and O. James 





€ D 
Fic. 7. 
I lifferent presentations of a scan of a patient with extrahepatic obstruction. The central area of reduced uptake is only 
obvious on the scan processed by the non-stationary filter (c). The gamma camera (A) and 25 isocount levels display by 


linear interpolation (B) and nine-point smoothed scan (D) do not show this. 
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Book review 


Technologist Guide to Mammography. Second Edition, By 
Robert L. Egan, pp. xii+155, 200 illustrations, 1977 
(The Williams & Wilkins Company, Baltimore). $18.95. 

Over the years Professor Egan has developed and per- 

fected a very personal technique of achieving excellent 
quality film mammograms. In his view mammography re- 
quires no special equipment but demands only meticulous 
attention to radiographic technique. The most important 
factors are considered to be ‘‘controlled motion, long 
target-film distance, exquisite collimation and good proces- 
sing. 
The technique recommended is—a kilovoltage range of 
20 to 30 KVp; 300mA panel setting; six second exposure 
time; inherent tube filtration only; A.F.D. of 22 to 40 ins. 
using an extension type cylinder cone. Industrial type, 
fine-grain X-ray film should be used and hand processing is 
advised, A tungsten target tube is considered satisfactory as 
it is believed that there is no advantage in the use of molyb- 
denum targets in mammography. It is also stated that 
there is no practical advantage in using beryllium window 
tubes. 

There is no doubt that Professor Egan obtains excellent 
mammograms and he maintains that the skin dose is of the 
order of two rads per exposure, a surprisingly low dose in 
the circumstances. Other mammographic techniques such as 
film-screen systems, magnification technique and xero- 
radiography are mentioned briefly but are considered in- 


ferior. He believes steadfastly in the superiority of his 
method. 

Radiographic technique is very well described and illus- 
trated in two chapters covering the usual radiographic 
positions and supplemental views and positions sometimes 
required, The information in these chapters is extremely 
useful to all mammographers whether or not the Egan 
method is employed. The recognition of faulty films is 
adequately covered and the appearances of normal breasts 
and the changes found in breast disease are well described, 
These chapters are unchanged since the first edition. 

New material in this second edition includes chapters on 
breast self-examination and clinical examination of the 
breast. These are presumably intended for radiographers 
involved in breast screening programmes. There are new 
chapters on breast cancer screening and on the benefits 
versus risks of mammography, in which there is a spirited 
defence of mammography and scepticism regarding the 
derivation and calculation of the risk factors. 

This book provides interesting reading and great detail 
regarding the production of conventional film mammo- 
grams by strict adherence to a well-tried technique. Much of 
the material, particularly on radiographic positioning, is 
useful for other types of mammography also. The reader 
however is left in no doubt that any deviation from the de- 
scribed technique will only lead to deterioration in the 
quality of the image produced. I. H. Gravee 
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Lymphoscintigraphy: a comparison of “Tc™ antimony sulphide 
colloid and *Tc™ stannous phytate 
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ABSTRACT 

in vitro comparison of ®*T'c™ antimony sulphide colloid 
and *°Tc™ stannous phytate as well as in vivo studies in six 
rabbits and seven patients indicate disparity in the colloidal 
properties and localization of these two agents. The vari- 
ability in lymphatic uptake and the relatively poor quality of 
scintigraphic images following interstitial injection of Tem 
stannous phytate, when compared with Tem antimony 
sulphide colloid, provide evidence of the unsuitability of this 
agent for lymphoscintigraphy. Maintenance of the diag- 
nostic quality of the lymphoscintigraphic image and ad- 
herence to interpretive criteria already established therefore 
preclude the routine use of %T’c™ stannous phytate for 
interstitial lymphoscintigraphy. 


Recent studies (Ege, 1976, 1977) utilizing the sub- 
costal injection of 99T'c™ antimony sulphide colloid 
for visualization of parasternal lymphatics has 
stimulated an interest in identifying alternative col- 
loids with a small particle size which may be more 
readily available, more expeditiously prepared, or 
may improve the quality and specificity of the study. 

Similarities in images obtained with colloidal 
'8Au and Tem Sb sulphide (Ege, 1976) suggest 
that the common physical property of small, uniform 
particle size plays a significant part in the effectiveness 
of the agent, Interstitially injected 9°Tc™ sulphide 
colloid presents the drawback of large particles and 
aggregates, and consequently poor absorption and 
movement characteristics in the parasternal lym- 
phatics. °°T'c™ stannous phytate (97Tc™Sn phytate), 
developed by Subramanian ef al. (1973), was de- 
seribed as an in vivo formed colloid for imaging the 
reticuloendothelial system, Localization of the prep- 
aration in the bone marrow could be enhanced by 
increasing the ratio of phytate to tin ion. Assuming 
that colloids of small particle size localize readily in 
the bone marrow, it therefore seemed feasible that 
conditions favouring bone marrow uptake would 
also provide optimum imaging of the parasternal 
lymphatics. 

The possibility of reducing the particle size of the 
*’Fc™Sn phytate colloid species formed in vivo, by 
autoclaving the stannous phytate reagent prior to 
addition of Tem pertechnetate, was investigated 
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by Hamilton et al. (1977). They demonstrated that 
96% of long-bone deposition was associated with 
compact bone, and only 4% with bone marrow. This 
distribution was probably due to heat degradation of 
the phytate molecule during the autoclaving step, 
and the subsequent formation of a %Tc™Sn 
labelled phosphate moiety with bone-localizing 
properties, 

Clinical comparison of 9T'c™Sn phytate com- 
plexed in vitro with calcium chloride (Frosst*) and 
Tem sulphide colloid for liver and spleen imaging 
was carried out by Arzoumanian et al. (1977). They 
noted a slightly higher background in 33% of the 
patients studied with the  calcium-complexed 
%Tc™Sn phytate colloid, and no obvious advantage 
inherent in this agent other than the short prepara- 
tive time. 

In view of the feasibility of visualizing and assess- 
ing lymphatic drainage after the interstitial in- 
jection of radiocolloids, the suitability of 99TemSn 
phytate for lymphoscintigraphy was evaluated and 
compared with 99T'c™Sb sulphide colloid. 


MATERIALS AND METHODS 

Preparation of colloids 

Stannous phytate kits with a phytate-tin ratio of 
20:1 were obtained from New England Nuclear.t 
In order to standardize the preparation for our 
studies, all labelled kits were made up to 5 ml. 

*°Tc™Sb sulphide colloid was prepared by the 
following modification of the method of Garzon et al. 
(1965). Preformed antimony sulphide reagent was 
prepared by bubbling hydrogen sulphide gas 
through 120 ml of boiling sterile distilled water. To 
this saturated hydrogen sulphide solution, 20 ml of 
1°% antimony potassium tartrate was added, pro- 
ducing a deep red-orange colour. After adding 10 ml 
of 3.5% polyvinylpyrrolidone (PVP—-mw 40000), 
nitrogen was bubbled through the solution for 





*Charles E., Frosst & Co., Dorval, Quebec, Canada. 


tNew England Nuclear Canada Ltd., Montreal, Quebec, 
Canada. 
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approximately 30 minutes to remove residual hydro- 
gen sulphide. The solution was tested for the 
presence of hydrogen sulphide with lead acetate 
paper, prepared according to the United States 
Pharmacopoeia method. The preparation was then 
sterilized by membrane filtration (0.22 jm) into 
sterile reaction vials for storage. Each reaction vial 
contained 3 ml antimony sulphide solution, equiva- 
lent to 2.35 mg Sbə2S3. 

The preformed colloid was labelled by adding 3 
ml sodium pertechnetate 99T'c™ to the reaction vial, 
followed by 0.2 ml 1N HCl. The final pH of the 
reaction mixture was 1.5. The colloid was then 
boiled for 30 minutes in a hot water bath. After 
boiling, the preparation was cooled and 1 ml 
of a phosphate buffer (NagHPO,.7H2O-7.44 g, 
NaHeP0O4.H20-0.432 g, water to 80 ml) was added 
to raise the pH to between 6 and 7. The injection 
volume and activity of both the 9°T'c™Sn phytate and 
99Tc™Sb sulphide colloid were maintained at 0.1 ml na oai 
(250 „Ci, and less than 0.3 ml (500 Ci) per injec- Fic. 2 
tion, in animal and patient studies respectively. a 





Electron micrograph of ®*T'c™ stannous phytate. 


Thin-layer chromatography 

99T'c™Sn phytate samples were spotted on instant 
thin-layer chromatography media Type SG and 
developed in 85°, methanol. Samples of 9°Tc™Sb 
sulphide colloid were spotted on Polygram MN 
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Channel number 1825 F 
Fic. 3. 
Fic. 1. Separation of °®Tc™ stannous phytate into two components 
Electron micrograph of 9®Tc™ antimony sulphide colloid. by sedimentation in a 10°, sucrose solution. 
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Curves comparing in vivo distribution in rabbits of 99T'c™ 

antimony sulphide colloid, indicated by circles, and 9®T'ce™ 

stannous phytate, indicated by triangles. o A Total body 

activity excluding the injection site. @ A Popliteal lymph 
node activity. 


Cellulose 300 media* and developed in 0.9% sodium 
chloride (Reid, 1976). The chromatographs were 
run for 10-12 cm, air dried, and cut into strips for 
counting in an autogamma counter. 


Electron microscopy and particle analysis 

89Tc™5n phytate and 9TemSb sulphide colloid 
were spotted on to copper grids (300 mesh) coated 
with carbon-stabilized plastic (Formvar). The 
samples were allowed to dry or partially dry and the 
grid was washed with sterile distilled water to re- 
move any water-soluble salts or contaminants which 
might interfere with the interpretation of results. 
The samples were subsequently examined using a 
transmission electron microscopet (Warbick et al., 
1977), 

The presence of particles in the samples of 
*'Tc™Sn phytate were confirmed by centrifugation. 
The preparation was layered on a 10% sucrose solu- 
tion and spun at 25000 rpm and 5°C for three 





*Brinkman Instruments, Inc., Westbury, New York, USA. 
+Siemens Elmiskop 102, Iselin, N.J, U.S.A. 


hours (SW 41 rotor). 9Tc™ pertechnetate and 
99T'c™Sb sulphide colloid were run as controls. 


APPLICATION 
The lymphatic uptake and dynamics of the two 
preparations were studied in rabbits and patients. 


Studies in animals 

White New Zealand rabbits weighing 2 kg were in- 
jected subcutaneously on the dorsum of the hind 
foot with 0.1 ml (250 uCi) of 98°Tc™Sn phytate or 
99'T'c™Sb sulphide colloid. Three animals were stud- 
ied with each preparation. The rabbits did not re- 
quire anaesthesia or restraints during the study. The 
absorption and movement of colloid into the lym- 
phatics was visualized and measured quantitatively 
using the Ohio Nuclear 110 Gamma Camera, inter- 
faced to a remote PDP 11/40 computer. Anterior 
views of the rabbit were taken with the animal rest- 
ing on the surface of the inverted collimator. 
Absorption of colloid into the lymphatics was quan- 
titated by measuring the popliteal node uptake in 
each study. Uptake and counts in the various areas of 
interest were measured by shielding non-relevant 
areas. Data obtained by these means were compar- 
able with the information extracted from data stored 
in a computer. 


Studies in patients 

In patients with breast carcinoma, we have 
routinely injected the subcostal site on the side of 
the primary lesion, documenting any cross drainage 
pathways with a three hour scintigraphic image. A 
subsequent contralateral subcostal injection is then 
performed, and bilateral parasternal lymphatics are 
visualized six hours after the initiation of the study. 

Seven patients were studied with 9°Tc™Sb sul- 
phide colloid and 9°Tc™Sn phytate. The initial in- 
jection on the side of the lesion was performed with 
*9Tc™Sb sulphide colloid in order to facilitate in- 
vestigation of the patients on the basis of criteria 
developed for interpretation of the parasternal 
lymphoscintigram utilizing this agent (Ege, 1976). 
After the three hour scintigram, the contralateral in- 
jection was carried out with a similar volume and 
activity of 9°Tc™Sn phytate, and further images ob- 
tained three hours later. 


RESULTS 
The labelling efficiency for both preparations was 
always greater than 95%. Electron micrographs 
demonstrate the modal particle size to be 9 nm for 
%Tc™Sb sulphide colloid (Fig. 1) and 8 nm for 
TcmSn phytate (Fig. 2). Centrifugation of 
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(a) 


(b) 


Fic. 5. 


A comparison of total body scintigrams obtained 20 minutes after the subcutaneous dorsal hind foot injection of two rabbits 
with ®°Tc™ antimony sulphide colloid (a) and %*Tc™ stannous phytate (b). 1. Injection site. 2. Popliteal lymph node. 
3. Lumbar lymph node. 4. Liver. 





#15413 


Fic. 6. 
Patient 15413. Clear visualization of (R) parasternal lym- 
phatics after (R) subcostal injection of °*Tc™ antimony 
sulphide colloid. There is no comparable visualization of 
(L) parasternal lymphatics after (L) subcostal injection of 
99Te™ stannous phytate. 


9Tc™Sn phytate (Fig. 3) showed that 5-10% of the 
activity in this preparation was associated with these 
particles. Ionic 9®Tc™Sn phytate remained at the 
top of the sucrose solution while the colloidal com- 
ponent moved down through the sucrose to the base 
of the tube. 

Animal studies showed that the absorption of col- 
loid from the injection site for the two preparations 
was significantly different. Figure 4 shows the body 
absorption and popliteal lymph node uptake curves 
for 99°T'c™Sb sulphide colloid and 99Tc™Sn phytate. 
The curves for 9°Tc™Sb sulphide colloid were 
similar for the three animals studied. The curves for 
99TcmSn phytate were similar for only two of the 
rabbits studied. Because of inadequate absorption 
shown by the third rabbit, the popliteal node could 
not be visualized for quantitation of radiocolloid up- 
take. Figure 5 is a comparison of total-body scans 
taken 20 minutes after injection of the two prepara- 
tions. Absorption of the phytate preparation from 
the injection site was less than that observed with 
99Tc™Sb sulphide colloid and no uptake was seen in 
the lumbar node. The higher liver uptake with the 
phytate preparation was probably due to the rapid 
movement of ionic 99T'c™Sn phytate through the 
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#15410 





Fic. 7. 


Patient 15410. (a) Lymphoscintigram three hours after (R) subcostal injection of 9°Tc™ anti- 

mony sulphide colloid. (B) Image obtained three hours after subsequent (L) subcostal injection 

of °®Tc™ stannous phytate. (c) Study six weeks later after (R) subcostal injection of ®’Tc™ 

stannous phytate and (L) subcostal injection of °*Tc™ antimony sulphide colloid. Note con- 
sistent difference in quality of lymphatics demonstrated by both agents. 


lymphatic pathway and the consequent formation of 
calcium complexed 99Tc™Sn phytate as the prepara- 
tion emptied into the vascular system at the jugulo- 
subclavian junction. 

In patients, the majority of the images showed 
very poor delineation of the lymphatics draining the 
%9Tc™Sn phytate injection site. The diaphragmatic 
node closest to the site of injection, invariably ap- 
pearing very prominent following the %’T'c™Sb 
sulphide colloid injection, demonstrated poor uptake 
of activity with phytate and in most patients was 
barely visible (Fig. 6). In only one patient was there 
satisfactory radiocolloid uptake in the lymphatics 
draining the site of 99°Tc™Sn phytate injection (Fig. 
7), but the contrast between this chain and the 


contralateral 99T'c™Sb sulphide colloid chain is very 
apparent. This study was repeated six weeks later, 
the injection media alternated, and again the con- 
trast between 99°Tc™Sn phytate and 9°Tc™Sb sul- 
phide colloid was readily recognized. 


DISCUSSION 

Animal studies with the two colloids showed de- 
creased uptake of 99TcmSn phytate as compared 
with the rapid and reproducible uptake of 99TemSb 
sulphide colloid. Although 99Tce™mSn phytate has 
been reported to yield satisfactory parasternal 
lymphoscintigrams (Kaplan et al., 1977, un- 
published), in our experience lymph node visual- 
ization has been inconsistent and inferior to studies 
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carried out with 9°Tc™Sb sulphide colloid. Radio- 
colloid uptake when seen in nodes was not as intense, 
providing less information regarding lymphatic in- 
tegrity. This may be due to the absorption of a 
smaller number of particles from the injection site. 
The possibility of formation of a calcium-complexed 
phytate colloid at the injection site should be con- 
sidered. 

Alavi et al. (1978), using 9°Tc™Sn phytate in 
animal models, indicate high extranodal concentra- 
tion in liver, spleen, kidney and bladder, as well as 
increased body background. The poor target-to- 
background ratio inherent in 99Tc™Sn phytate sug- 
gests that interstitially injected 9Tc™Sb sulphide 
colloid is superior to 9°T'c™Sn phytate and is at 
present the colloid of choice for interstitial lympho- 
scintigraphy. 


CONCLUSION 

The feasibility of labelling different compounds 
and complexes with 9®T'c™ has provided great versa- 
tility in clinically utilizable agents. It must be 
appreciated, however, that each agent has unique 
features which may not be duplicated by any other 
agent, despite apparent similarities, and unless such 
limitations are recognized the substitution of another 
agent may jeopardize the quality and accuracy of the 
study. In view of their diverse properties, the sub- 
stitution of 9°Tc™Sn phytate for 99TemSb sulphide 
colloid in interstitial lymphoscintigraphy is not 
recommended. 


ACKNOWLEDGMENTS 
We wish to acknowledge the stimulation of discussions 
with Dr. W. D. Kaplan, Chief, Oncological Nuclear Medi- 
cine, Charles A. Dana Cancer Center, Boston, Mass., USA. 
Dr. A. Green of NEN kindly supplied us with the stan- 
nous phytate kits. We are grateful to Mrs. E. Capon for her 
assistance in preparation of the manuscript. 


REFERENCES 

Ece, G. N., 1976. Internal mammary lymphoscintigraphy— 
the rationale, technique, interpretation and clinical appli- 
cation: a review based on 848 cases. Radiology, T18, 101~ 
107. 

1977. Internal mammary lymphoscintigraphy in breast 
carcinoma: a study of 1072 patients. International Journal 
of Radiation Oncology Biology Physics, 2, 755-7614. 

SUBRAMANIAN, G., McAretr, J. G., Menta, A., Brar, R. J., 
and Tuomas, E. D., 1973. Tc-99m stannous phytate: a 
new in-vivo colloid for imaging the reticuloendothelial 
system. Journal of Nuclear Medicine, 14, 459. 

Hamitton, R. G., ALperson, T. L., and McIntyre, P. A., 
1977, Tc-99m phytate as a bone-marrow imaging agent: 
biodistribution studies in animals. Concise communica- 
tion. Journal of Nuclear Medicine, 18, 563—565. 

ARZOUMANIAN, A., ROSENTHALL, L., and Sero, H., 1977. 
Clinical comparison of Tc-99m labelled preformed phy- 
tate colloid and sulphur colloid. Concise communication. 
Journal of Nuclear Medicine, 18, 118-120. 

Garzon, O. L., Patcos, M. C., and RapicELLA, R., 1965, 
A technetium-99m labelled colloid. International Journal 
of Applied Radiation and Isotopes, 16, 613. 

Reip, B. D., 1976. Personal communication. 

Warsick A., Ece, G. N., HENKELMAN, R. M., Maun, G., 
and Lysrer, D. M., 1977. An evaluation of radiocolloid 
sizing techniques. Journal of Nuclear Medicine, 18, 
827-834. 

Karran, W. D., Davis, M. A., and Rosg, C. R., 1977, In- 
ternal mammary lymphoscintigraphy with 99rm-Te 
labelled stannous phytate and antimony sulfide: a clinical 
evaluation (unpublished). 

ALavI, A., Staum M. M., Suesot, B. F., and BLoca, P, H., 
1978. Technetium-99m stannous phytate as an imaging 
agent for lymph nodes. Journal of Nuclear Medicine, 19, 
422-426. 





Book review 


A Guide to Medical Ultrasonics and Acoustics. Hospital 
Physicists Association Scientific Report Series, No. 10, 
pp. 44, 1977. (Hospital Physicists Association, London), 
£200. 

Acoustics is still a subject in which many medical 
physicists feel ill at ease and this little booklet is designed to 
introduce them to some of the basic ideas and to provide 
them with the beginnings of a bibliography. It necessarily 
spans a wide range of material in a limited space—two or 
three pages each to cover such topics as audiology, Doppler 
measurement of blood velocity, imaging, ultrasonic sur- 
gery and the “biological safety” of ultrasound—but, within 
this limitation, it should prove very useful. In any subse- 
quent edition it would be helpful to include reference to 
some of the more detailed general books and articles on the 
subject which are now starting to proliferate, 
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ABSTRACT 

We have examined two patients undergoing 11-19- 
iodocholesterol adrenal scans in order to assess thyroidal 
radiation dose. Thyroid uptakes of 3—5% of the admin- 
istered 2 mCi dose were found despite prior administration 
of Lugol's iodine. Analysis of serum samples over a ten day 
period after iodocholesterol injection indicated that less than 
10% of the radioactivity was free iodide. Kinetic results 
showed a high value for the thyroid/plasma 1°11 ratio 
indicating thyroid retention of 1511, This was substantiated 
by thyroid scintigrams. The thyroid radiation dose was 
estimated to be 200-250 rad for the two patients. The 
associated carcinogenic risk is of sufficient magnitude, in our 
opinion, to warrant regular follow-up of all patients who 
have undergone !¥1]-19-iodocholesterol adrenal scanning. 


Radionuclide imaging of the adrenal gland using 
131].19-jodocholesterol has been successfully used in 
the localization of adrenal lesions (Lieberman et al., 
1971; Conn et al., 1972; Sturman, et al., 1974). The 
use of this radiopharmaceutical has been regarded as 
a safe diagnostic procedure with an acceptable radi- 
ation dose when balanced against the hazards of 
adrenal venography (Kirschner et al, 1973; 
Charbonnel et al., 1976). However, in studies on two 
patients we have found that this radiopharmaceutical 
delivered a radiation dose to the thyroid which 
greatly exceeded that expected; on the basis of 
these findings we believe that this warrants a re- 
appraisal of the merits of this scanning agent. 


ADRENAL SCAN PROCEDURE 

Patients were scanned using 13!]-iodocholesterol 
(19-iodocholest-5 en-3-ol) obtained through Sorin§ 
and with a stated purity of 94.6%. A dose of 2 mCi 
of 131]-iodocholesterol was administered intra- 
venously and the patient scanned at regular intervals 
during a ten day period. Thyroidal uptake of free 
iodide was blocked by administration of Lugol’s 
iodine (five drops twice daily) two days prior to and 
for the duration of the scanning procedure. Thyroid 
scans were carried out in the two patients using 
Tem pertechnetate. 


Case Reports 

Case 1 

Prior to surgery an adrenal !3!I-jodocholesterol scan was 
performed on a 23-year-old woman with Cushing’s syn- 
drome. During the scanning period the level of 1311 in the 
thyroid was monitored and quantitated (Table I). Measure- 
ments were carried out using a standard uptake probe and 
methodology as recommended by the IAEA (1962), cor- 
rections being made for extrathyroidal neck activity using 
the method of Goolden and Mallard (1958). Sufficient +41] 
was found in the thyroid to permit scanning of the gland and 
a scan performed eight days post-injection (Fig. 1¢) was 
similar to that obtained with *T'c™ (Fig. 1p) and demon- 
strated that the +% was concentrated within the gland with 
little extrathyroidal neck activity. 


§Sorin Biomedica, 13040 Saluggia, Italy. 


TABLE I 


KINETIC AND DOSIMETRIC DATA FOR 131].19-10DOCHOLESTEROL IN THE TWO CASES STUDIED. BIOLOGICAL HALF LIFE 
(Ti;2 BIOL) IS SHOWN FOR THYROID, PLASMA AND URINE 








Tis biol (days) 


| Ist component | 2nd component 








16 (44.5%) 


7.3 (31.4%) 
2.8 (29.3%) 
2.1 (21.7%) 






Average 










Maximum thyroid uptake 


Estimated gland mass (g) | 





*Note: Urinary Tiz biol calculated from 3% administered dose per day. 
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Fic. 1. 


(A) Case 2, 2 mCi !4!I-iodocholesterol scan of the thyroid two days post-injection. 
B) Case 2, 2 mCi °T'c™ pertechnetate scan 30 min post-injection. 
(c) Case 1, 2 mCi 18!]-iodocholesterol scan of the thyroid eight days post-injection. 
(D) Case 1, 2 mCi **T'c™ pertechnetate scan of the same gland 30 min post-injection. 
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TABLE II 


BEHAVIOUR OF SERUM SAMPLES (CASE 2) 
APPLIED TO QAE ANION-EXCHANGE COLUMN 






No. of 
samples 


f 
| i activity 
| in column 


ample applied to column 








Pre-injection serum + 
| Pre-injection serum +141]. 

| iodocholesterol 

| Pre-injection serum- Hê- T4 
| Post injection serum 

















Case 2 

Scanning of the adrenals and testes were requested for a 
22 vear old man with elevated estradiol levels. In the light of 
the previous case the patient’s thyroid status was evaluated 
prior to commencement of the adrenal scan. He was found 
to have a normal 24 hour radioactive iodine uptake of 33°, 
after which the gland was blocked with Lugol’s as in the 
previous case. A repeat measurement of iodine uptake at 24 
hours was 2~3%,. Although the Fem pertechnetate scan 
demonstrated an asymetrical gland (Fig. 18), the patient 
was clinically and biochemically euthyroid with no palpable 
thyroid and it was concluded that this was not a warm 
nodule. 

After injection of 13!]-iodocholesterol high thyroidal 
levels of 31 were again found (Table I) and a 33! scan 
obtained two days post-injection (Fig. 14) was in agreement 
with that obtained with Tem pertechnetate (Fig. 1B). 

(Quantitative measurement of the 131] activity in the 
serum and urine was carried out daily for ten days post 
injection (Table 1). Analysis of serum samples using an 
iodide extraction resin (Iobeads- Technicon Ltd.,) showed 
that free iodide accounted for 13% of the total radioactivity 
over the first 48 hours and approximately 4°, thereafter. 
Further analysis of the serum radioactivity was performed 
on a QAE anion-exchange resin column modified slightly 
from the method of Burger (1974). The behaviour of the 
serum samples applied to the column are shown in Table IH. 
These results indicate that for the most part serum radio- 
activity behaved like iodocholesterol or a metabolite thereof, 

Absolute measurements of serum and urine activity 
showed that the serum !3![ activity on day one was 3.82%% 
dose/litre and the cumulative urine activity was 32.4°), dose 
after one day rising to 76.6%, after ten days. 


Discussion 

Despite its widespread use, the paucity of data on 
human metabolism of 131]-19-iodocholesterol is em- 
phasized by the existence of only one report to date 
by Kirschner et al. (1973) on its turnover in humans. 
We have compared our results (Table I) with those 
calculated from Kirschner’s data over the ten-day 
period following injection. From their data on six 
patients we have calculated the serum Ti biol 
{first component) to be 1.3-4-0.3 day compared to 
our value of 1.5 days. In only one patient were data 
obtained for nine days and this shows a second 
component Ty biol of 2.5 days compared to our 
2.8 days. Thus we have found identical serum decay 
curves and comparable whole-body retention esti- 
mates based on urine data (no data obtained on 
faeces), Furthermore an examination of thyroidal 


retention and serum figures shows that after five 
days there is a clear increment in thyroid/serum 
ratios indicating thyroidal retention of 1311, Recently 
Seabold et al. (1977) have shown considerable quan- 
tities of 131 in the thyroids of patients undergoing 
131]-iodocholesterol — (131]-6-8-iodomethyl-19-nor- 
cholesterol) whole-body scanning for metastatic 
adrenal carcinoma. 

In the two patients studied here the thyroidal 
uptake of 131] was approximately 3-5°% with little 
extrathyroidal neck activity (Fig. la and Ic). To 
explain this degree of uptake on the basis of free 
iodide alone and with the thyroid under effective 
Lugol’s block, the serum radioactivity would need to 
be 100%, free iodide. Barbarino et al., (1975) have 
examined the effect of various blocking agents on 
thyroidal uptake of 131I following adrenal scanning 
with 181]-iodocholesterol. They found uptakes of 8°% 
in a patient blocked with Lugol’s and uptakes of 
between 5.8% and 10.8% in four patients blocked 
with Lugol’s--triiodothyronine, However, in eight 
patients whose thyroids were blocked with potas- 
sium perchlorate (KC104) the uptakes were between 
0.5%, and 1.8%. 

A possible explanation for these findings is that 
iodocholesterol is taken up and de-iodinated in the 
thyroid to release I~ available for organification. 
After de-iodination KCIO4 may be more effective in 
discharging the free iodide than Lugol’s. Nonetheless 
uptake of iodocholesterol initially seems likely. 

As a result of this uptake the radiation dose to the 
thyroid was 200 rad (Case 1) and 230 rad (Case 2) 
calculated by the method of Quimby et al. (1970). 
For thyroidal doses in this range, estimates of the 
magnitude of the carcinogenic risk involved vary, 
but lie between two and ten cases per million man- 
years follow-up per rad (Conard, 1973; BEIR 
Report, 1974; Modan et al., 1977), based on data 
obtained from groups irradiated during childhood. 
Excess thyroid cancers have also been associated 
with irradiation in adults, and are thought to be 
quite likely in those whose thyroids come under 
humoral stimulation (Berson and Yalow, 1952; 
Doniach et al., 1966), although reliable risk estimates 
are not available. The population subjected to ad- 
renal scans are unlikely to be endocrinologically 
normal and may be unusual with regard to the 
likelihood of their thyroid being subject to stimu- 
lation over a long follow-up period. While it is 
likely to be an overestimate it is nevertheless of 
interest to calculate the worst possible risk based on 
the childhood irradiation data, assuming a value of 
510-6 per man-year per rad. In the above cases 
this would give rise to risks of carcinogenesis over a 
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50 year follow-up period of 5.1% and 5.7% re- 
spectively. Since radiation-induced benign nodules 
occur at about ten times the rate of carcinomas 
(Conard, 1973), the corresponding risk estimates in 
the above two cases are 51% and 57°, respectively. 
The magnitude of these risks, admittedly worst pos- 
sible estimates, is such that they warrant thyroid 
follow up in these patients. From the work of 
Barbarino et al. (1975) it appears that satisfactory 
reduction of the thyroidal radiation dose can be 
achieved by the prior administration of KCIO4. Fur- 
thermore, in patients who cannot be given KCIO4 
due to side effects from this drug the above argu- 
ments based on radiation dose will probably be less 
serious with the availability of alternative adrenal 
scanning radiopharmaceuticals (Sarkar et al., 1976). 
In conclusion, because of the importance of com- 
plete kinetic data on any radiopharmaceutical in 
humans we believe that further work is necessary on 
any proposed cholesterol labelled scanning agents. 
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Directory of Cancer Research Information Resources. US 
Department of Health Education & Welfare, National 
Technical Inorfmation Service, Virginia, USA, pp. x-+226, 
Domestic orders $8.00 (paper back), $3.00 (microfiche). 
Non-domestic orders $16.00 (paper back), $4.50 (micro- 


fiche). 


This is an international list of sources of information on 
cancer which includes the journals with a main interest in 
cancer topics, cancer registries, libraries and information 
retrieval services. Very clearly indexed, and with sufficient 
detail to provide postal access, this is of particular value to 
research workers in medical education or epidemiology. The 
journal section lists the editor, publisher, annual sub- 
scription and presentation. There are inevitable omissions 
of some of the inter-disciplinary journals. The registry list is 
similarly not exhaustive but does name at least a central 
contact for each country with such a registry. 

A very valuable ‘‘not to be removed” addition to any 


medical library. 


A. W. PREECE. 
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A single injection technique for subtraction of blood 
background in “‘l-hippuran renograms 
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Department of Nuclear Medicine, Addenbrooke's Hospital, Cambridge 


(Received January, 1978 and in revised form April, 1978) 


ABSTRACT 

A method of subtracting blood background during probe- 
renography is presented which does not require a prior in- 
jection of RIHSA and which produces results approximate- 
ly 11% higher than the RIHSA method. The new method 
treats the renogram up to two-and-a-half minutes as a com- 
bination of a fraction of the blood curve and a fraction of the 
integral of the blood curve. Analysis of the data, using either 
a computer or a programmed calculator, enables these two 
fractions to be calculated, hence producing the ‘background 
subtraction factor” and the “uptake constant”. 


One problem in the interpretation of probe- 
renography arises from the contribution of radio- 
activity from the blood and tissues surrounding the 
kidney, the “blood background”. In order to com- 
pensate for this, a fraction of the blood curve is sub- 
tracted from the observed renogram, and there are 
several methods available for determining this 
fraction. Possibly the most widely accepted and 
theoretically the most valid method is the use of an 
initial injection of 131] human serum albumen 
(RIHSA), as outlined by Britton and Brown (1971). 

Other approaches to the problem of blood- 
background subtraction involve the use of a y- 
camera computer system with “region of interest” 
background subtraction (Diffey et al., 1976); or 
subtracting the ‘‘vascular spike” of the renal reten- 
tion function (Kenny et al., 1975; Reeve et al., 
1975). Although both the methods involve only a 
single injection the former is not applicable to probe 
studies, and both require a computer. 

A method has been devised, called the single in- 
jection technique (SIT), which obtains the “blood- 
background subtraction factor’, thus saving the 
patient a second injection, reducing radiation dosage 
to the patient, and facilitating repeat studies. The 
single injection technique can be used with either a 
computer or a programmable desk calculator, and 
also gives an index of relative renal function. 


THEORY 
Up to 150 seconds after the injection of 151] 
hippuran there is no significant excretion from the 
kidney, so that radioactivity in the kidney is propor- 
tional to the integral of the blood curve. In addition 
to this, the renal detector will also detect activity 
from tissues surrounding the kidney, and this 


activity may be represented as a fraction of the blood 
curve: 

E R(t)=F. B(t)-+Kft B(t)dt 
Where R(t) is the activity measured by the renal 
detector, B(t) is the activity in blood, F is the blood- 
background subtraction factor relating to the activity 
in tissue surrounding the kidney, and K is the up- 
take constant; the factor of activity taken up by the 
kidney from the blood per unit time. This is easily 
converted to 


R(t) K ft 
Bo + Be | Bit) at 
R(t) 


As this is the equation of a straight line, when BO 
is plotted against/tB(t)dt/B(t) the intercept will be 
F, the blood-background subtraction factor. The 
slope will be K, the uptake constant to the kidney. 

The renogram corrected for background is ob- 
tained by subtracting F times the blood curve from 
the renal detector curve. Up to 150 seconds, this 
corrected renogram will be proportional to the in- 
tegral of the blood curve. 


CR(t)=R(t) — F. B(t)=K[SB(t)dt 
where CR(t) represents the renogram corrected for 
blood-background. 

The background-corrected renogram may also be 
considered as a convolution of the blood curve and 
the impulse function: 

CR(t)==[{B(t — T)H(T)dT 
where H(t) is the impulse function. 

Equations 3 and 4 may be combined: 

Kf[‘B(t)dt=[{B(t—- T)A(T)dT .. 6. ee (5) 
An analytical solution to equation 5 may be obtained 
by taking Laplace transforms: 

K.IB(s)==B(s).H(s) . 0.60. occ eee (6) 
where B(s), H(s) and [B(s) are the Laplace trans- 
forms of B(t), H(t) and [‘B(t)dt respectively. 
Equation 6 may be converted to: 





134 


Feprvuary 1979 


A single injection technique for subtraction of blood background in 13\]-hippuran renograms 


which on taking inverse Laplace transforms gives 
the solution 


D(C Si ee (8) 


where T is the time interval between individual 
points on the curves. This indicates that the uptake 
constant K, obtained by applying equation 2, may 
be compared with its theoretical value which may be 
obtained by deconvolution analysis up to 150 
seconds. 

As this single injection technique relies on straight 
line fitting, it is now possible to compare the inter- 
cept (with the RIHSA derived background sub- 
traction factor), and the slope (with deconvolution 
analysis), and thus test the validity of the method. 


METHOD 
Renogram data were obtained from the Middlesex 
Hospital (punch tape data from 20 patients) and the 
Manchester Royal Infirmary (graphical data from 


300 
C/S 


BGD. corrected data-right kidney 
deconv patient 2 


four patients), Activity due to the prior injection of 
RISHA was recorded and then subtracted before 
the renogram data were processed using a Varian 
computer. The computer displayed a diagram of the 
graph oa against ['B(t)dt/B(t) similar to the upper 
right part of Fig. 1. This enabled an operator to 
choose which points to use for analysis to obtain the 
best available straight line. The chosen points were 
then analysed to obtain F and K, and then /’. B(t) 
subtracted from the renogram data. The blood 
curve and corrected renogram were then smoothed 
and deconvoluted using an iterative technique, and 
finally Fig. 1 was printed out on a Statos plotter. The 
deconvolution value was calculated from the mean 
value of the second to fifth points on the deconvo- 
lution curve, divided by the time, T, between 
samples (20 seconds) że, DV=(D(2)+ D(3)+ 
D(4)+ D(5))/80. 





1200 
secs 


deconvolution 


Fic. 1. 


Left Section—Blood and background-corrected renal trace. The interrupted line is the integral of the blood 
curve multiplied by the uptake constant and represents the total material being taken up by the kidney. Upto 
150 sec ie., it follows the corrected renogram until excretion begins. 


Upper Right Section—The x-axis is SB/B and the y-axis R/B. It is the diagram from which points are 
chosen for analysis, in this particular case points 2 to 6. The line shown has the equation Y= F-- RK UX. 
Lower Right Section—Renal impulse response function H(t) obtained by deconvolution. 
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SLT 8.6.0. Subtraction factor 


4 1 2 3 
H.S.A. 8.6.0. Subtraction factor 
Fic. 2. 


Regression of background subtraction factor by single in- 
jection technique against HSA tec hnigue: The line repre- 
sents y==0.02-+ 1.11x, r?==0.90. 


RESULTS 

Data from three patients were excluded. In one 
the background subtraction factor could not be 
determined after HSA injection due to a fault in the 
blood detector part of the system; in two other 
patients the hippuran appeared to have been given 
as an initial injection of 10°, of the material, fol- 
lowed by the remaining material one to two minutes 
later. Data from all the other patients were used, 
and the results of analysis are presented in Figs. 1 
and 2. 

Regression analysis of the data gave the following 
results: 

yez background subtraction factor by single in- 
jection technique 

xe=background subtraction factor from HSA 
0.0195 =- 1.1089x 


:0.90 (see Fig. 2) 










«deconvolution value 
uptake constant 

y == 0,0016-+-0.7744x 
20.98 (see Fig. 3). 
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Uptake Constant 
Fic. 3. 


Regression of uptake constant by deconvolution against 
single injection technique. The line represents y =0.0016 +- 
0.774, r?=0.98, 3 points off scale. 


These results indicated a significant correlation 
between the blood-background subtraction factor 
obtained from RIHSA and that obtained from the 
single injection technique, and between the uptake 
constant and the deconvolution value. 


Discussion 

The method of analysis described is at present 
used with a Varian computer system, but was 
originally developed on a programmable calculator. 
The ratio of uptake constants provides an index of 
relative renal function between right and left 
kidneys. 

The SIT analysis produces blood-background 
subtraction factors 11%, higher than those obtained 
by RIHSA. The RIHSA method is considered to 
produce a subtraction factor 5-7% too small 
(Britton and Brown 1971) so the single injection 
method can be considered to produce results 5% 
above the “true value” which, for probe renography, 
is within acceptable limits. 

There is a greater difference between the uptake 
constant and the deconvolution value (theoretically 
the same), but with several potential causes. The up- 
take constant is derived from unsmoothed data and 
points between 40 and 160 seconds, whilst the decon- 
volution value is derived from smoothed data be- 
tween 40 and 100 seconds. Further analysis of data 
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from 12 of the patients, taking the deconvolution 
value as the average of the third to fifth points 
(60-100 sec) and using less smoothing, changed the 
ratio of deconvolution value:uptake constant from 
0.77 to 0.95. 

This method of blood-background subtraction is 
not necessarily confined to renography, and the 
theory is applicable to any physiological system in 
which a tracer is absorbed from the blood and re- 
tained by an organ for a significant time. 
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Radiologic exploration of impotence. By J. F. Ginestié and 

Romieu, pp. 135, 80 figs., 1978. (Martinus Nijhoff 
Medical Division, The Hague/Boston/London). 50 Guilders. 
ISBN 90-247-2023-0. 

The authors of this monograph from Montpellier are a 
radiologist and a sexologist. Their work is based on experi- 
ence ‘‘with 250 patients whose examinations included 460 
arteriograms of the internal iliac artery and 52 roentgeno- 
grams of the cavernous bodies”. They conclude that one out 
of every four patients has impotence of vascular origin 
(p. 133). When patients are properly selected for arterio- 
graphy, 93°, of examinations show abnormal findings 
(p. 112). These are made up of mainly distal (perineal) 
lesions in younger men (‘‘an infectious factor is often found” 
p. 89), and of diffuse lesions in older men. These are all 
illustrated in detail, but aortic bifurcation and common iliac 
artery disease is expressly excluded from the discussion 
(p. 65)—it is not clear to me why. 

The book has many fine selective arteriograms of the in- 
ternal iliac arterial tree, annotated with diagrams. These add 
up to an interesting atlas of normal anatomy and abnormal 
findings in individual patients. I missed guidance on the 
exact prevalence and importance of the various lesions de- 


of Medical Illustration, Addenbrooke’s Hospital, for 
preparation and photography of the graphs. 
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scribed, and on their impact on patient management. There 
are a few paragraphs on “therapeutic perspectives” (p. 111) 
which say predictable things about sexual pathology as a 
“pathology of relationship”, but not about what difference 
the arteriogram has made. The work is therefore strong on 
individual case description, but weak on convincing lessons. 

The translator is anonymous, and this is just as well, The 
language of the book is far from current usage. This can 
amount to amusement over inventions like vascular “re- 
permeabilization” (p.71), but easily swings over to embar- 
rassment (“this monograph purports to study” p. 13) and 
plain muddle: on p. 21 the best catheter tip is described “to 
penetrate the internal iliac artery’’-—just what the authors do 
not want to do. And what of captions like: “Patient 40 year 
old man. Brutal onset of impotence after a brucellien 
prostatsis” (sic on p. 105)? The printers contribute their 
share of trouble, like printing an explanatory diagram upside 
down and left-to-right reversed (p. 95). The authors have 
been very poorly served. 

This is an interesting collection of individual cases for the 
new specialty of andrology. I doubt whether it will find a 
wider audience outside this small circle. 

THOMAS SHERWOOD 
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ABSTRACT 

Early and late changes in the functional vascularity of pig 
skin have been evaluated after X-irradiation. These changes 
were assessed using a quantitative isotopic clearance tech- 
nique. Two waves of radiation-induced changes in isotopic 
clearance were demonstrated. The first wave, observed after 
an interval of three weeks, was characterized by the faster 
clearance of the tracer from areas of irradiated skin. The sec- 
ond wave, which reached a peak after 12 weeks, was denoted 
by a slowing of the clearance rate relative to normal skin. 
The modification in vascular function observed at 12 weeks 
was transient, function returning to normal as late radiation 
damage developed. The changes observed in the pig have 
many similarities with those recorded in man but are markedly 
different from those found in rodents. These differences are 
discussed with respect to the vascular structure of the skin of 
the animal species investigated. 


In the treatment of cancer by radiotherapy, the skin 
and deeper vascular connective tissues are of necessity 
nearly always included in any treatment field. Dam- 
age to these tissues is often dose limiting in effecting 
the local control of malignant disease. For this reason 
and because radiation reactions in the skin are so 
readily observable, this tissue has been used for the 
study of both the acute and late effects of ionizing 
radiation. Such investigations have been under- 
taken in rodents (Field, 1969; Moulder et al., 1975), 
pigs (Archambeau et al., 1968; Withers et al., 1978; 
Hopewell et al, 1978a) and man (Bates, 1975, 
Brennan et al., 1976). Pig skin which has the same 
gross appearance as human skin (Montagna and 
Yun, 1964; Berry et al., 1974) has in addition many 
histological similarities (Daniel and Williams, 1973; 
Donovan, 1975) and as such it is perhaps the most 
appropriate model using laboratory animals. In 
particular, late radiation changes, relevant to those 
observed in patients, have only been observed in the 
pig (Hopewell et al., 1979). 

Several of these reports of gross and histological 
changes in the skin after irradiation have suggested 
that damage to the vascular system plays an import- 
ant role in the pathogenesis of late damage (Rubin 
and Casarett, 1968; Tessmer, 1971). Measurements 
of the overall efficiency of the local circulation, by in- 
vestigating the regional blood flow, would appear to 
be a useful parameter for studying the circulatory 
status of a tissue after exposure to X rays. 
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Blood flow measurements in skin have been 
shown to be of great value in the study of plastic 
and reconstructive surgery (Barren et al., 1951) and 
in the investigation of skin diseases (Aschheim, 
1965). Very few studies have, however, been docu- 
mented as to the effects of ionizing radiation on the 
vascular system of the skin after exposure to 
therapeutic doses (Roswit et al., 1953; Glatstein, 
1973; de Ruiter and van Putten, 1975). 

Of the various methods available for the measure- 
ment of dermal blood flow, those utilizing radio- 
isotopes have been shown to be the most reproduc- 
ible and are most readily quantified (Kety, 1948; 
1949). An isotopic clearance technique has been 
evaluated in pig skin (Moustafa and Hopewell, 1977; 
Young and Hopewell, 1979) using the tracer tech- 
netium 99m as the pertechnetate ion. The same 
technique has been used here to study quantitatively 
the effects of X irradiation on the functional vascu- 
larity of pig skin. Single doses which have previously 
been shown (Berry et al., 1974; Hopewell et al., 
1978b) to produce radiation changes above and 
below “tolerance” have been used. 


MATERIALS AND METHODS 

Female pigs of the English Large White strain 
were used in these investigations. Animals were ad- 
mitted to the Institute when they were about 12 
weeks old (20 kg). They were allowed a period of 
two weeks to adapt to their new environment before 
any experimental procedures were performed. All 
experiments were carried out under general anaes- 
thesia as described previously (Berry et al., 1974). 

Prior to irradiation, two to four standard fields 
measuring 16x4 cm were tattooed with indian ink 
on each flank of the pig. Fields were separated from 
each other by a 4 cm gap (Patterson, 1968). For each 
animal, fields on the left flank were irradiated while 
those on the right flank acted as controls in sub- 
sequent studies. The skin fields to be irradiated were 
delimited by a Perspex-ended applicator and a 16 x 4 
cm cut-out in 3 mm lead placed over the skin. Single 
doses of 800, 1800, 2070 and 2340 rad were delivered 
to groups of 6 to 12 skin fields at 68 rad/minute from 
a 250 kV X-ray unit operating at 15 mA with 0.5 mm 
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copper and 1.0 mm aluminium added filtration 
(HVL 1.3 mm Cu). 

Measurements of isotope clearance rate were 
carried out simultaneously in irradiated and control 
sites after the intradermal injection of the tracer, 
%°T'c™ as the pertechnetate ion (1-2 mCi/ml). The 
possible effects of isotope volume on the clearance 
rate of the tracer from the injection site was tested 
by the use of a small (0.03 ml) or medium (0.07 ml) 
volume of the tracer. The clearance of the tracer 
from the injection sites was monitored by two 
matched Nal crystal detectors connected to a multi- 
channel analyser (Nokia LP 4840) which provided a 
digital record of changes in count-rate with time. 
The resultant clearance curves have a bi-exponential 
form; the two components are represented by the 
half clearance times derived from the two slopes 
(Moustafa and Hopewell, 1976; Moustafa, 1977). 
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Half clearance times for the fast (t2) and the slow (ti) expo- 

nents of isotope clearance from a site of intradermal in- 

jection in pig skin, plotted against the age of the animals. 

Time zero represents 3~3.5 month old animals. Results ob- 

tained following the use of a small (O- - -O) and a medium 
(@—@) tracer volume are given. 


One component is referred to as the fast and the 
other the slow exponent and they are denoted by 
half-clearance times tg and ty respectively. 


RESULTS 

In areas of normal pig skin on the animals used 
in the irradiation study, changes were noted in the 
clearance parameters with increasing age (Fig. 1). 
For the slow exponent the half clearance time (tı) 
was found to increase significantly over the period 
12-39 weeks after the initiation of measurements; 
it then remained relatively stable. The fast exponent | 
(t2) on the other hand, showed only marginal 
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Time and dose related changes in the relative clearance 

index for the fast (t2) and slow (tı) exponents of isotope 

clearance after the intradermal injection of a small volume 

of tracer into pig skin (+-5.E.—standard error of the mean 

for pretreatment values in normal pig skin) W... W 800 

rad; @--- @ 1800 rad; @-.-.- @ 2070 rad; A—— A 2340 
rad), 
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‘Time and dose related changes in the relative clearance in- 
dex for the fast (to) and slow (t1) exponents of isotope clear- 


ance after the intradermal injection of a medium volume of 
tracer into pig skin (key as in Fig. 2). 


changes during the period of study. In young 
animals the volume of tracer injected did not in- 
fluence the half clearance values obtained. However, 
in adult pigs the numerical values tended to be 
smaller after the injection of a medium volume of 
tracer, although these differences were only occa- 
sionally significant. 

In the irradiation studies the half clearance times 
for both the fast (te) and slow (t1) exponents of iso- 
tope clearance were compared with measurements in 
normal skin obtained at the same time. The ratio of 
irradiated to normal half clearance times is referred 
to as the relative clearance index. Examination of the 
variation in relative clearance index with time after 
irradiation showed two periods of major modifica- 
. tion in the rate of isotope clearance from irradiated 

skin (Figs. 2 and 3). 
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Dose-related changes in the relative clearance index for the 

fast (te) and slow (tı) exponent of isotope clearance three 

weeks after X-irradiation. The modification in isotope 

clearance rate with dose was not influenced by changes in 

the tracer injection volume (small volume, O---O; medium 
volume @ ). 





After a period of three weeks, a decrease in the 
relative clearance index was observed for both the 
fast (tg) and the slow (ti) exponents, Ze. the half 
clearance times obtained from measurements in 
irradiated skin were shorter than those found in 
normal skin. At twelve weeks the reverse was true, 
areas of irradiated skin taking much longer to clear 
isotope from the site of injection than normal skin. 
The two exponents of isotope clearance were not 
modified by increasing the tracer injection volume 
from 0.03 to 0.07 ml (Figs. 2 and 3). 
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Dose-related changes in the relative clearance index for the 
fast (t2) and slow (ti) exponent of isotope clearance 12 weeks 
after X-irradiation. The modification in isotope clearance 
rate with dose was not influenced by changes in the tracer 
injection volume (small volume, O---O; medium 


volume @ ©). 





The modifications in isotope clearance from ir- 
radiated pig skin at three and 12 weeks after irradi- 
ation were dose dependent after an initial shoulder 
(Figs. 4 and 5). These changes in relative isotope 
clearance rates could be interpreted as an initial in- 
crease in net dermal blood flow after three weeks fol- 
lowed by a net reduction in flow per unit volume of 
tissue after a period of 12 weeks. 
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Absence of dose-related changes in the relative clearance 

index for the fast (tə) and slow (tı) exponent of isotope 

clearance 26 weeks after X-irradiation (small tracer volume 
O---O ; medium tracer volume @—~@). 


An initial plateau region of 0.5 to 15 minutes was 
found in a proportion of the clearance curves ob- 
tained from areas of skin nine and 12 weeks after ir- 
radiation. This plateau region indicates a delay in the 
commencement of clearance of the tracer from the 
site of injection. A total of 40°, of skin areas re- 
ceiving the two highest doses (2070-2340 rad) had a 
plateau or shoulder region at the beginning of the 
clearance curves. Shorter shoulder regions were also 
present in 19% of the fields treated with 1800 rad but 
they were not found in any of the fields treated with 
800 rad. 
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The modifications in isotope clearance observed 
12 weeks after irradiation with doses of 2070 and 
2340 rad were associated with or preceded the 
development of areas of dermal necrosis (Berry et al., 
1974; Hand et al, 1979). Most of these areas of 
necrosis healed quickly although in others there was 
persistent ulceration. Areas of skin associated with 
previous necrosis were avoided in any subsequent 
clearance studies. 

The modification in isotope clearance observed 
after 12 weeks was transient, the relative clearance 
gradually returning to normal in the subsequent 
months (Fig. 6). The improvement in clearance rate 
in irradiated skin is not as large as it would appear, 
because of the changes in the value of the half clear- 
ance times found in normal skin over the same time 
period (Fig. 1). Only in areas of skin treated with the 
highest dose, 2340 rad, was the improvement in the 
relative clearance index in irradiated skin apparently 
delayed and this only applied to the slow exponent 
(Figs. 2 and 3). The significance of this finding is, 
however, difficult to evaluate, because only two fields 
on a single pig were available for investigation over 
the period 26—104 weeks, other fields being lost as a 
result of dermal necrosis. This disparity in results for 
the slow exponent (ty) is further explained by the un- 
usually low half clearance times obtained for normal 
skin on this animal. At six months mean values of 
18.9 and 17.0 minutes were obtained for the small 
and medium injection volumes as compared with 
the respective overall mean values of 30.4 and 29.0 
minutes (Fig. 1). The half clearance values ob- 
tained for the associated irradiated areas of skin on 
this pig were comparable with these overall mean 
values for normal skin. For all the other treatment 
doses the clearance rate was similar to normal over 
the period 26-104 weeks after irradiation, irrespec- 
tive of whether a small or medium tracer injection 
volume was used (Figs. 2 and 6). 


Discussion 

The modification in isotope clearance rate in 
normal pig skin with increasing age might reflect a 
reduction in metabolic activity in mature animals. 
Kety (1948, 1949) originally assumed that the 
method measured nutritional blood flow. This sug- 
gestion is supported by the report (Brody and Kib- 
ler, 1944) that the resting metabolism of growing 
animals is greater than that of mature ones. Female 
swine reach a metabolic peak at about seven months 
of age, after which they decline, reaching a plateau 
when they are fourteen months old. In the present 
study isotope clearance rates remained stable in 
animals aged 14-24 months. Aging of the micro- 


vasculature may also be a factor. The density of 
blood vessels in the reticular dermis of pig skin has 
also been found to decline with age (Young and 
Hopewell, 1979). Slower clearance rates have also 
been observed in human skin with increasing age 
(Braithwaite et al., 1951; Buchanan et al., 1954) but 
not in rats (Keyeux ef al., 1971). 

The two waves of response in the modifications of 
isotope clearance from irradiated pig skin in the first 
six months after X-irradiation is in keeping with the 
gross changes observed. Two distinct waves of 
erythema have been reported in the first few months 
after treatment (Berry et al., 1974; Hand et al., 1979; 
Hopewell et al., 1978a; Turesson, 1978). Two waves 
of reaction have also been noted as a result of a 
systematic thermographic study on radiotherapy 
patients (Martin—personal communication). The 
initial rise and the subsequent fall in skin tempera- 
ture he observed could be interpreted as an increase 
followed by a decrease in dermal blood flow. 

The rapid rate of isotope clearance observed three 
weeks after irradiation is probably related to a vaso- 
dilatation of the fine vasculature and/or a change in 
vascular permeability, as an early response to 
radiation. Similar changes have been reported as the 
erythema reaction develops in radiotherapy patients 
(Roswit et al., 1953; White et al., 1975) and human 
volunteers after ultra-violet irradiation (Levan et al., 
1964). Direct histological evidence of vasodilatation 
as an early reponse to radiation has been reported in 
mouse skin (Takahashi and Kallman, 1977). This 
was denoted by an increase in vascular diameter and 
vascular volume four weeks after irradiation with 
single doses of 2000 and 4000 rad. An increase in 
vascular permeability has been reported in irradiated 
rabbit skin, this reaching a maximum 23 days after 
treatment (Jolles et al, 1961; Eassa~-Helmy and 
Casarett, 1973). 

No early change in blood flow has been demon- 
strated in rodent skin (Glatstein, 1973; Keyeux et al., 
1971) with doses up to 2000 rad. This might be re- 
lated to the considerable differences in vascular 
structure in rodent skin as compared with human 
and pig skin (Donovan, 1975). 

The early changes in isotope clearance reported in 
pig and human skin are associated with and may be a 
direct result of radiation damage to the basal cells of 
the epidermis. The suggested link between early 
changes in vascular permeability to fibrinogen and 
late damage in rodents (Law and Thomlinson, 1978) 
would seem to be unfounded because of the lack of 
correlation between initial epidermal damage and 
late effects (Hopewell et al., 1979; Arcangeli et al., 
1974; Turesson, 1978). 
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The most distinct change seen in irradiated pig 
skin after three months was characterized by the sig- 
nificant lengthening of the clearance rate of the tracer 
from treated areas. This is thought to be related to an 
impairment of the vascular system due to direct radi- 
ation damage to blood vessels or to a reduction in 
their net function. Evidence of vascular occlusive 
changes (Hopewell et al., 1978a) and a reduction in 
vascular density (Young and Hopewell, unpublished 
data) have been demonstrated in the pig dermis. 
Similar reductions in vascular length and vascular 
surface area have also been observed in rodent skin 
(Takahashi and Kallman, 1977) 12 weeks after ir- 
radiation. 

In addition one might suggest that there is a 
relationship between the initial delay in the clearance 
of the tracer, observed at nine and 12 weeks after 
irradiation, and the severe oedema noted at the same 
time period; the high tissue pressure results in a 
transient vascular collapse which produces the 
plateau region on the clearance curves. The reduc- 
tion in blood flow and the oedema seem likely to con- 
tribute to the eventual breakdown of the dermis. In 
areas of irradiated skin not associated with dermal 
necrosis the isotope clearance rate gradually returns 
to normal. 

The isotope clearance technique used essentially 
measures clearance per unit volume of tissue. The 
return of the clearance parameters to normal could 
occur as a result of parenchymal atrophy or be ex- 
plained in part by revascularization. Recent pre- 
liminary quantitative histological studies (Young et 
al., unpublished data) have shown a similar vascular 
density in atrophied irradiated and normal skin in 
1-2 year old pigs. Functional studies have provided a 
similar result in areas of human skin showing 
evidence of late radiation damage (Roswit et al., 
1953; Wiernik and Patterson, 1977). 

In contrast to pig and man a late decrease in the 
blood flow clearance rate has been observed in 
rodent skin (Keyeux et al., 1971; de Ruiter and van 
Putten, 1975). This change occurred 11-12 months 
after irradiation with doses of 2000 to 3000 rad. 

The good correlation between the modification 
of isotope clearance reported in the present study 
and late linear field contraction (Hopewell et al., 
1978a, 1979) is consistent with the view that this 
transient impairment in vascularity is responsible 
for the development of late damage in pig skin. 
Evidence that transient vascular changes are im- 
portant in the development of late effects have 
been reported in lung (Moustafa and Hopewell, 
1977; Glatstein, 1973), brain (Moustafa, 1977; 
Moustafa and Hopewell, 1979; Hopewell et al., 


1978b), the hamster cheek pouch (Hopewell and 
Young, 1978), spleen and bone marrow (Nelson et 
al., 1974; 1977). These changes are observed be- 
tween two and nine months after irradiation with 
single doses of 1500-3000 rad. 

Thus in summary there are a number of observa- 
tions recorded in the present study, using normal 
and irradiated pig skin, which correlate well with 
changes noted in human skin. Most of these changes 
are markedly different from results obtained in 
rodent skin. Both early and late functional changes 
observed in irradiated pig skin show a good cor- 
relation with reported morphological changes. 
While similar morphological changes have been 
noted in rodent skin one must speculate that the ab- 
sence of functional changes is related to the different 
vascular structure of the dermis in the two species. 
The greater vascularity of rodent skin makes it less 
sensitive to the consequences of irradiation damage. 
The similarities in response between human and pig 
skin would support the view that this should be the 
animal of choice in this field of clinically orientated 
radiobiological research. 
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By T. Smith, M.Sc., Ph.D., and C. J. Edmonds, B.Sc., M.D., F.R.C.P. 


Radioisotopes Division, MRC Clinical Research Centre, 
(Received August, 1978) 


During investigations on athyreotic patients given 
large test doses of 131], whole-body counting has 
shown the presence of 75Se contamination in some 
patients. The investigations were carried out to 
measure the small long-term component of 131] 
retention in such patients. In an earlier paper 
(Smith and Edmonds, 1977), we concluded that the 
effects of 75Se contamination were negligible in the 
patients described. Subsequent studies on a further 
small group of similar patients, however, have indi- 
cated that the levels of contamination are variable, 
and this report is intended as a warning of the 
possibility of measurement error due to this con- 
tamination in metabolic studies similar to those to be 
described. The effects of 7Se contamination ob- 
served in two out of five patients studied have been 
assessed. 


METHODS 

Whole-body counting measurements, using the 
CRC multi-crystal (NaI) counter, were made on five 
female patients who had previously undergone total 
thyroidectomy followed by radioiodine therapy for 
the treatment of thyroid carcinoma, and in whom 
there was no further evidence of residual 151]- 
concentrating tissue. The patients were given a test 
dose (5 mCi) of 151], at University College Hospital, 
as part of routine follow-up procedure and two 
whole-body retention measurements were made 
about 10 and 20 days after the dose. Two meas- 
urements were sufficient to determine the half-life of 
the long-term component of 131I retention, which 
has previously been shown to follow a single ex- 
ponential (Edmonds etal., 1970; Smithand Edmonds, 
1977). Immediately after the second measurement, a 
calibrating dose of about 1 uCi 1911 was administered 
orally, followed 1 hour later by a final measurement. 
On all occasions, whole-body y-ray spectra were 
obtained using a 128 channel analyser. Counts were 
integrated in two 181] channels, I; (0.31-0.41 MeV) 
and Iz (0.58-0.70 MeV), and in the 75Se channel, Sı 
(0.1-0.31 MeV). Crossover ratios were determined 
to correct the counts in I, for those due to 75Se and 
to correct for the effects of 13H in Sı. The corrected 
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counts in I; (the main I peak) were used to 
determine the half-time of the 131] retention com- 
ponent, and the counts in Iz, which are unaffected by 
75Se, were used as a check on this value. The 
corrected counts in Sı were used to estimate the 
amount of Se present on each occasion, 131] 
crossover in channel Sı was obtained using whole- 
body 1811 spectra from patients who contained no 
75Se, since the net y-ray spectrum measured only 
1 hour after the 131] calibrating dose was unsuitable 
for this purpose. Similarly, 75Se crossover was ob- 
tained using spectra from patients in a different 
study measured several days after administration of 
75Se-seleno methionine. 


RESULTS 

The whole-body y-ray spectra from two of the 
five patients showed clear evidence of contamination 
with small amounts of 7Se although they had not 
been given “Se per se at any time before these 
measurements. The spectra from one of these 
patients are shown in Fig. 1 and those from one of 
the other three patients are shown in Fig. 2. Net 
spectra resulting from 181] calibration doses (nor- 
malized to 1 Ci 131I) are also shown. In both 
patients contaminated with 75Se, the ratio of re- 
tained 75Se to 131] was higher at the time of the 
second whole-body measurement. In Table I the 
number of counts in channel I, due to 1317 and 75Se 
are given separately and the biological half-life of 
131] has been calculated before and after correction 
for “Se to indicate the extent of the error incurred if 
the 755e contamination had not been recognized and 
allowed for. The corrected values for the biological 
half-life of 151] are in good agreement with those 
calculated using channel Iz, although the accuracies 
of the latter are limited by low count rates. Table H 
shows the estimated whole-body content of 75Se in 
the two contaminated patients at each measurement. 


DISCUSSION 
Contamination of 131] solutions (from The Radio- 
chemical Centre, Amersham) with Se, probably 
present as selenite, results from trace quantities of 
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TABLE I 
WHOLE-BODY RETENTION OF 1511 AND 75SE CONTAMINANT IN TWO ATHYREOTIC PATIENTS GIVEN TEST DOSES OF 
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Gamma-ray energy (MeV) 


Fic. 1. 


Whole-body y-ray spectra from athyreotic patient given a 
test-dose of 5 mCi 111, showing presence of 7>Se con- 
tamination. Spectra were measured 11 days (A) and 20 days 
im) after the dose. The net spectrum measured 1 h after a 
calibrating dose of 1 pCi 1% is shown (c). 


Gamma-ray energy (MeV) 


Fic. 2. 


Whole-body y-ray spectra from athyreotic patient given a 
test dose of 5 mCi 1411, showing no evidence of Se con- 
tamination. Spectra were measured 8 days (a) and 22 days 
{B) after the dose. The net spectrum measured 1 h after a 
calibrating dose of 1 pCi +H is shown (c). 
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TABLE H 
LEVELS OF WHOLE-BODY 75SE CONTAMINATION 
IN TWO ATHYREOTIC PATIENTS GIVEN TEST DOSES OF 











5 mCi 131] 
1st measurement 2nd measurement 
Patient | Day | Se (aCi) | Day | 75 Se(uCi) 
1 12 0.19 22 0.13 
2 11 0.46 20 0.38 
| 





selenium impurities in the tellurium dioxide target 
material used for 131] production. At the 131 ac- 
tivity reference date, the contamination is less than 
0.02% (ie. <200 nCi 7Se per mCi 13H) which is 
the manufacturer’s limit of detectability, and is thus 
not observed at the time of administration of 131I. 
In patients without a thyroid, however, more than 
99% of administered 131] is excreted rapidly as 
iodide with half-life of about 0.5 day (Pochin, 1964), 
followed by a very small component (~0.2%) of 
organically bound 151] which is eliminated with an 
effective half-life of about 5 days (Smith and 
Edmonds, 1977). The relative proportion of 75Se in 
the body, which is more slowly excreted, thus rises 
progressively, becoming detectable within a few 
days. Effective half-lives of between 40 and 65 days 
have been observed for about 75% of an initial body 
content of 7Se-selenite (Cavalieri et al., 1966; 
Thomson and Stewart, 1974). Measurement errors 
may thus arise because the highest energy y ray of 
Se (0.40 MeV) cannot be resolved from the main 
131] y ray (0.36 MeV) using Nal detectors. 

Only two patients out of five had detectable 
contamination with Se. They had all received 131] 
doses at different times and possibly 75Se con- 
tamination in different batches of 131I is variable. 
Some variation may be explained by the length of 
time in stock before each 131 dose is administered 
and this should be as short as possible. 

As shown in Table I, the effect of the presence of 
15Se in the more contaminated patient (No. 2) 
would have been to increase the estimated biological 
half-life of 131] to 22.4 days from the corrected value 
of 19.6 days. A larger error would have resulted if a 
longer period between the two whole-body retention 
measurements had been chosen. The estimated level 
of 75Se contamination in this patient was about 0.46 
pCi, 11 days after an oral dose of 5 mCi 1311. From 
published data on whole-body retention of 7Se- 
selenite in man (Cavalieri et al., 1966; Thomson and 


Stewart, 1974), it can be estimated that the initial 
absorption by this patient would have been about 
0.6 »Ci, resulting from an intake of about 1 pCi 
Se (0.02% of the 131] activity given). It is possible 
that the two contaminated patients were given their 
131] doses later than the 131] reference date. 

In radioiodine treatment of thyroid carcinoma, 
therapeutic doses of 150 mCi 131] are administered 
to thyroidectomized patients. If 75Se contamination 
was present at the level of the limit of detectability 
(0.02% of 131I activity), 30 pCi of 7Se-selenite 
would be given with each dose. It can be estimated 
that about 20 „Ci of the 75Se would be absorbed 
(Thomson and Stewart, 1974) and would deliver a 
whole-body radiation dose of about 0.13 rad (Jereb 
et al., 1975). Thus, despite the longer effective half 
life of the Se contaminant, the radiation dose it 
delivers to the whole body is negligible in relation to 
that due to the 131] (Pochin, 1967). 

We have also observed 75Se contamination in 
thyroidectomized pigs given several large doses of 
131] within the space of a few months in studies 
similar to those described above. Tissues recovered 
at the end of the studies contained variable levels of 
75Se contamination. The highest concentration (nCi 
kg?) was observed in kidney, being twice that in 
spleen and five times that in liver. 
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Cystic lymphangioma of the spleen: a cause of splenomegaly 


By R. Uflacker, M.D.* 
Department of Radiology, Rikshospitalet, Oslo 1, Norway 


(Received May, 1978) 


Expansive lesions of the spleen are rare, especially 
true cysts and primary tumours, and very seldom 
are diagnosed prior to operation (Tuttle and 
Minielly, 1978). Angiography has been the best 
method for making the diagnosis and to evaluate 
splenic involvement by tumours (Ekelund et al., 
1975). 

Recently we have examined a patient with 
splenomegaly which was due to a cystic lymph- 
angioma. Only two previous angiographic reports of 
this entity are available (Shanser et al., 1973; Tuttle 





Fic. 2. 


Late phase angiogram shows the ‘“‘swiss cheese” like 
appearance of the multiple avascular defects of the spleen. 


and Minielly, 1978) and only three cases have been 
described. 


Case REPORT 
A 31-year-old white woman was admitted to this hospital 
with diarrhoea, loss of weight and anorexia for two months. 
Physical examination was normal except for a massively 
enlarged spleen, which extended to the mid-line. Labora- 
tory studies, including complete blood count, sedimenta- 








Fic. 1. tion rate and chest bone biopsy were all normal. 
Early phase of splenic artery angiography shows spleno- 
megaly with stretched intraparenchymatous arteries dis- *Present address: Dr. Flores, 472 ap. 303, Porto Alegre, RS, 
placed around avascular areas. Brazil, 90.000. 


148 


1979, British Journal of Radiology, 52, 149-150 


FEBRUARY 1979 


Case reports 


Selective angiography of the splenic artery confirmed the 
splenomegaly and showed that the entire spleen was in- 
volved with stretched intraparenchymatous arteries dis- 
placed around avascular areas. No encasement or tumour 
vessels were seen (Fig. 1). The late phase of the angiogram 
disclosed irregular contrast accumulation with multiple 
avascular defects throughout the spleen (Fig. 2). 

The patient underwent splenectomy and recovery was 
uneventful. The specimen consisted of the spleen which 
weighed 1.300 g and showed a “swiss cheese” appearance 
with multiple small cysts containing watery fluid. Flattened 
endothelial cells lined the cysts. The diagnosis of cystic 
lymphangioma of the spleen was made. 


Discussion 

The signs and symptoms of lymphangioma of the 
spleen are not distinctive and only splenomegaly is 
evident. The true incidence is not known and 
authors are unable to indicate the aetiology (Mc- 
Clure and Altemeier, 1942). 

Few cases of lymphangiomatous cysts of the 
spleen have been angiographically examined. Ac- 
cording to the literature the angiographic pattern is 
characteristic. The present case showed the same 
widespread arterial changes and avascular defects 


which have been described previously (Shanser et al., 
1973; Tuttle and Minielly, 1978). From now this 
entity should be considered in the differential 
diagnosis of splenomegaly. 

Only angiography can disclose the nature of 
splenic enlargement and show the changes of 
cystic lymphangioma of the spleen, allowing the 
correct pre-operative diagnosis. 
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The build up of technetium in breast milk following the administration of 
*Tc™O, labelled macroaggregated albumin 


By B. Heaton, M.Sc., M.Inst.P. 


Department of Bio-medical Physics and Bio-engineering, University of Aberdeen 


(Received February, 1978 and in revised form April, 1978) 


When 9°'T'c™Qy labelled macroaggregated albumin is 
administered to a lactating mother it may be neces- 
sary to delay the resumption of feeding. This can 
cause various problems including the discomfort ex- 
perienced by the mother and a possible reaction by 
the child. The practice in Aberdeen, in the few 
cases experienced, has been to recommend a delay 
of 36 hours following an administered dose of 500 
Ci before feeding is resumed. 

In a recent review article (Anderson, 1977) on 
drugs and breast feeding it was suggested that it 
would be safe to resume feeding after 24 hours. The 
work quoted (Berke et al., 1971) dealt with a dose 
administered to a mother who had been feeding her 
child for six months. 


Case REPORT 

This paper concerns a mother who was referred for a lung 
scan almost immediately following the birth of her child. 
The mother wished to start feeding the child soon after the 
scan as she had successfully fed her two previous children. As 
this case was unusual in that feeding had not yet commenced 
and the mother was willing to co-operate, it was decided to 
monitor the build up and fall of technetium in expressed 
samples, firstly of colostrum and later of milk. These data 


could then be compared with those of Berke and the suit- 
ability of the 24 hour delay checked. 

Starting two hours after the injection of 500Ci at 16.00 h, 
samples were expressed at four hourly intervals except 
during the period 22.00 h to 06.00 h. These were counted 
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Comparison of activity concentration in expressed milk 
samples. 
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TABLE I 
ACTIVITIES OF EXPRESSED SAMPLES 












































—— 
Collection time Count in 1200 sec | 
Sample Vol., after injection, corrected to time Activity, 
| No, Breast ml. hours of collection nCi/ml. 
6.54 x 104 1.16 
| 6.19 x 104 
4.44 « 104 1.74 
6.04 x 104 
14 2.78 x 104 1.60 
14 2.48 x 104 
18 1.89 x 105 1.57 
18 1,21 x105 
2.16 x 105 
1.90 x 105 

















2.1 x 104 














Background: 760 counts in 1200 sec. 


and the count rates adjusted to the count rate at the time of 
collection, Variation in efficiency due to counting samples of 
different volume were also accommodated. Using a standard, 
the activities of the samples were then calculated. Our 
results are compared with those of Berke (adjusted to an 
administered dose of 500nCi) in Fig. 1. The results are given 
in Table L 
Discussion 

The large initial difference in the two sets of data 
is probably due to different rates of breakdown of the 
macroaggregate. In that used by Berke, breakdown 
could have been so rapid that the maximum output 
occurred sometime before the first sample at four 
hours, whereas in our case technetium was apparent- 
ly being made available for some 20 hours after the 
injection. Further work is now being undertaken to 
check this. There is also a difference in the type of 
sample collected over the first 20 hours following the 
injection. The samples collected by Berke were full 
milk samples. Those collected in Aberdeen were at 


“4.08 x 104 
3.85 x 101 


first nearly all colostrum and it was not until about 
20 hours following the injection that the milk con- 
tent started to rise. 

Despite the large differences in output noted 
above, the conclusion drawn by Berke that feeding 
could be resumed 24 hours after the injection is still 
valid and will be adopted in future. If this procedure 
is followed the whole-body dose to the baby would be 
something less than 0.05 millirem and that to the 
thyroid some 20 times higher. The dose to the baby 
due to its close proximity to the mother in the period 
following the injection would be larger but still only 
a few millirem. 
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Demonstration of a patent porta-caval anastomosis by ultrasound 
By K. C. Dewbury, B.Sc., F.R.C.R., and A. E. A. Joseph, M.Sc., F.R.C.R. 
Radiology Department, Southampton General Hospital, Southampton 


The portal venous system is almost always visual- 
ized in ultrasound images of the upper abdomen. In 
portal hypertension the increased diameter of the 
portal vein may be measured on ultrasound images 
(Deust and Pearce, 1976). This measurement may 


be of value both in diagnosis and follow-up of 
patients. In portal vein thrombosis the normal vas- 
cular anatomy at the porta hepatis is replaced by a 
broad band of high level echoes. The appearance is 
characteristic (Webb et al., 1977). A case is presented 
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Fic. 1A. 


Longitudinal section through the right lobe of the liver 

showing the presence of high amplitude echoes at the porta 

hepatis (arrowed) and the absence of a normal portal vein. 

The high amplitude echoes cast an acoustic shadow (AS). 
K= Kidney. 





Fic. 1B. 


Transverse section showing the porta hepatis (arrowed). A 

band of high amplitude echoes replaces the normal portal 

vein. Within this region small transonic areas represent 

recanalization. [VC=Inferior vena cava. Ao= Aorta. S 
Spine. 


showing the findings of portal vein thrombosis and a 
porta-caval anastomosis. The patency of the ans- 
tomosis was demonstrated on the ultrasound images. 


Case HISTORY 

A 42-year-old male with a past history of liver disease was 
admitted for assessment of his liver function prior to aortic 
valve replacement for Grade II aortic incompetence. 

At the age of 18 he presented with a haematemesis from 
ageal varices. These were shown to be secondary to 
is. A lieno-renal anastomosis was performed, fol- 
lowed two years later by oesophagogastrectomy. Four years 
later (1960), following further bleeding, a porta-caval ana- 








Fic, 2a. 
Transverse section at the level of the splenic and portal 
veins (P). The portal vein is clearly seen running into the 
inferior vena cava (IVC), Ao= Aorta. S= Spine. 





Fic. 2B. 
Longitudinal scan along the inferior vena cava (IVC) 
showing the portal vein (P) connecting with the anterior 


wall of the IVC. 


tomosis was performed. At the time of the present admission 
the patient had no symptoms referable to his liver. An 
ultrasound examination was performed as part of the liver 
assessment. The ultrasound images show the characteristic 
findings of portal vein thrombosis with a band of high 
amplitude echoes at the porta hepatis indicating surrounding 
fibrosis. Within this region irregular transonic areas are seen 
representing partial recanalization or venous collaterals 
(Figs 1a and 1B). The splenic vein and the proximal part of 
the portal vein are clearly demonstrated. The latter is 
enlarged, measuring 17 mm at its maximum diameter. The 
inferior vena cava is also seen and is large. On both longi- 
tudinal and transverse sections the dilated portal vein can be 
seen entering the inferior vena cava. Both vessels are patent 
(Figs. 24 and 2B). 
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COMMENT 
Ultrasound is a quick and reliable method by 
which to assess the portal venous system and its 
patency, in particular to confirm or exclude portal 
vein thrombosis. This case illustrates its value as a 
means of assessing the patency of vascular shunts. 
One can speculate that in conjunction with pulsed 


doppler measurements, flow studies could also be 


carried out. 
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Book reviews 


Encyclopaedia of Medical Radiology, Vol. 10, Part 2a. 
Roentgen Diagnosis of the Heart and Blood Vessels. By K. H. 
Bigalke et al, pp. ix+503, illus., 1977 (Springer Verlag, 
Berlin, Heidelberg, New York) DM 384/$192.00 

Volume 10, Part 2a, ‘Roentgen Diagnosis of the Heart and 
Blood Vessels’, in ‘Encyclopedia of Medical Radiology’ has 
now been published. This volume contains chapters on the 
pathology of cardiac valve defects and of endocarditis, with 
special reference to the morphology of mitral, aortic, tri- 
cuspid and pulmonary valve disease. There is also a very 
comprehensive section on the radiology of various valve 
diseases dealing with dominant stenosis, incompetence and 
combined lesions. The cardiomyopathies are dealt with in an 
extended review and there are also two separate sections on 
other forms of myocarditis. The final chapter deals with the 
pathological anatomy and the clinical and radiological 
manifestations of pericarditis. 

As one would suspect from the title of this volume, 
it is an encyclopaedic text covering the field very ex- 
tensively and cornprehensively with a very valuable and full 
bibliography which is trulyfall-embracing and international. 
The authors have not only provided us with this excellent 
bibliography, but what is even more helpful there is a com- 
plete authors index in addition to the general index; this is a 
very helpful innovation of great value to research workers in 
the various fields covered in the text. One could, of course, 
find gaps here and there in the literature since it is quite 
impossible in producing a volume of this kind to really keep 
up to date, but this very minor omission should not detract 
from the general value of this book. 

‘There is, however, one problem about the reproductions 
since as in most German textbooks X-ray films are printed 
as negatives; although their quality is very good and the 
pictures are informative to the English speaking readers this 
way of reproducing radiographs is unusual and may detract 
somewhat from their value, 

As is to be expected, Springers have again produced a 
beautifully illustrated and printed text of the same high 
standard as all the other volumes in this Encyclopaedia of 
Medical Radiology. 

R. E. STEINER 


Basic science of nuclear medicine, By Roy P. Parker, Peter 
H. S. Smith and David M. Taylor, pp. x+374, illus., 1978 
(Churchill Livingstone, Edinburgh), 48:50. 

This book is intended to be a general introductory text for 
physicians, scientists, radiographers and technicians enter- 
ing nuclear medicine and related fields. Based as it is on the 
scientific content of the University of London M.Sc. course 
in Nuclear Medicine, which itself has evolved over a period 
of years, it is not surprising to find that it achieves this 
objective admirably. The various sections cover the relevant 
topicstin physics, instrumentation, data analysis, radiation 
biology;*radiation dosimetry, basic chemistry and radio- 
pharmaceutical preparation with a nice balance between 
theory and practice throughout. In a text which brings to- 
gether so many widely differing specialized subjects it is 
exceedingly difficult to maintain a proper balance and to give 
the integrated picture which is all too often lacking in multi- 
author books. In the present case there can be no criticism 
on this score, Any reader who has already developed special 
interests in this field may well feel that his own particular 
topic is only covered superficially—for example the gamma 
camera gets but six pages—but he will then almost cer- 
tainly find that the remaining chapters will fill a number of 
important gaps in his knowledge of related subjects, all of 
which are basic and therefore essential. 

Those who are fortunate enough to have this text as their 
first introduction to the subject will be spared much of the 
anguish consequent upon the transition from classical to SI 
units, The clearly written chapter on radiation dosimetry, a 
notoriously difficult subject, is worthy of special mention. 
The new philosophy and concepts underlying the radiation 
protection recommendations in ICRP 26 are indicated, even 
though this particular document only became available in 
late 1977, implying extremely rapid publication. Perhaps 
this and the high quality of reproduction may have some- 
thing to do with the book being printed in Singapore. In any 
event, it is not a publication for the library; anyone working 
in this field in whatever capacity will find a personal copy 
invaluable and the price does not rule this out. 

N. VEALL 
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Effect of dose rate on intestinal tolerance in mice. Implications in 


radiotherapy 


By A. Wambersie, M.-R. Stienon-Smoes, M. Octave-Prignot and J. Dutreix 


Unité de Radiothérapie et de Neutronothérapie Expérimentale, Cliniques Universitaires St-Luc, 
Avenue Hippocrate 54, B-1200 Bruxelles, Belgium_and Institut Gustave-Roussy, F-94800 Villejuif, France 


(Received September, 1978) 


The effect of dose rate on intestinal tolerance after ®°Co y- 
irradiation has been studied in BALB/c mice. Intestinal 
tolerance was assessed from LD50, after either selective ab- 
dominal irradiation or total-body irradiation. 

Three dose rates were compared: 0.6 Gvy/min (‘acute 
irradiation” taken as reference), 0.05 Gy/min and 0.025 
Gy/min.; the corresponding irradiation times were then 
about 20 min, 5 h and 12 h respectively. Irradiations were 
performed simultaneously, at these dose rates, with three 
telecobalt therapy units; the dose rates were adjusted with 
lead shields and by increasing the distances. 

For abdominal irradiations the animals were immobilized 
with legs stretched by means of wooden clothes-pegs (Wam- 
bersie et al., 1974). The immobilization times were the same 
(about 12 h) for all animals; they could bear it without 
anaesthesia. 

After selective abdominal irradiation (a total number of 
387 mice), LID50 at 5.5 days increased from 12.4 Gy to 
20.2 Gy and 21.8 Gy when the dose rate decreased from 
0.61 to 0.054 and 0.026 Gy/min respectively. The ratios of 
the LD50 (“acute irradiation” taken as reference) were then 
1.6 and 1.8 respectively. For survival at 6.5 days, LD50 in- 
creased from 12.1 Gy to 19.2 Gy and 21.6 Gy respectively, 
and the corresponding LD50 ratios were then also 1.6 and 
1.8 (Table I). 

After total-body irradiation (a total number of 403 mice), 
LD50 at 5.5 days increased from 9.9 Gy to 15.2 Gy and 
16.8 Gy, when the dose rate decreased from 0.56 to 0.049 
and 0.024 Gy/min respectively. Although these LD50 
values were somewhat lower than those observed after selec- 
tive abdominal irradiation, their ratios were similar, ie. 1.5 
and 1.7 respectively (Table I). 

This increase of LD50 as the dose rate decreases to 0.025 
Gy/min is similar to the increase of LD50 observed, with 
the same strain of animals, in previous experiments with 
fractionated irradiations. In these previous experiments, 


LDS50 was also increased by a factor of 1.8 when a single 
dose was replaced by a large number (at least 10) of small 
fractions (less than 2 Gy), the influence of proliferation being 
eliminated (Wambersie et al., 1974). 

Within both types of experiment, it can reasonably be 
assumed that LD50 corresponds to the same level of survival 
for the intestinal clonogenic cell population (Wambersie and 
Dutreix, 1974). It can also be assumed that this 1.8-fold irn- 
crease of LD50 corresponds to full repair of sublethal 
damage. The maximum ratio may not have been reached 
with the lowest dose rate (0.025 Gy/min), but the exposure 
time could not be extended much longer than 12 h for 
technical reasons. However, the present results obtained 
with continuous low dose-rate irradiation were compatible 
with the two component model derived from multifraction 
experiments: 


with the following values of the parameters: 
1Do=4.50 Gy, nDo=2.25 Gy, n=10 (Wambersie et al, 
1974), 

From this model, iso-effect curves as a function of irradi- 
ation time were computed for different survival levels 
assuming random repair of the sublethal lesions (Dutreix 
and Sahatchiev, 1975). Present results are compatible with 
a half life, T, of 1.5 h (Fig. 1). Increase of the iso-effect dose 
with increasing irradiation time depends, in absolute and 
relative terms, on the survival level (or absorbed dose). In 
particular, the iso-effect dose should be nearly independent 
of dose rate for an absorbed dose of 2~3 Gy, for which cell 
lethality can be assumed to be caused mainly by direct lethal 
events. 

The increase of LD50 observed, in the present experi- 
mental conditions, with decreasing dose rate is in rather good 
agreement with that expected from the above theoretical 


TABLE I 


VARIATION OF LD50 For INTESTINAL DEATH AS A FUNCTION OF ABSORBED DOSE RATE 
SELECTIVE ABDOMINAL IRRADIATION WITH ®°Co In BALB/c MICE 












































a = E 
Endpoint: survival at 5,5 days Endpoint: survival at 6.5 days | 
Number of =| 
Absorbed dose rate irradiated Irradiation | Irradiation 
(Gy/min) animals LD50/Gy Ratio time* LDS0/Gy Ratio tirne* 
0.61 236 12.4+ 1.00 20 min 12.14 1.00 20 min | 
(Reference) (12.1-12.8) (11.8-12.4) | 
0.054 76 20.2 1.6 6h 14 min 19.2 1.6 5 h 56 min 
(18.7-25.2) (18.2-21.4) 
0.026 75 21.8 1.8 13h 58 min 21.6 1.8 13 h 50 min 
(20.7-23.4) (20.4-23.5) 
i 
*Calculated for LD50. 


+Value of LD50 and between brackets 95% confidence interval. 
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TABLE H 


VARIATION of LD50 ar 5.5 DAYS FOR INTESTINAL DEATH AS A FUNCTION OF ABSORBED DOSE RATE 
TOTAL BODY IRRADIATION WITH ®°Co In BALB/c MICE 





























i ay ee 

| Endpoint: survival at 5.5 days 

| Absorbed dose rate Number of irradiated i 

i {(Gy/min) animals LD50/Gy Ratio Irradiation time* 
| 86 131 9.9} 1.00 16min 
| (Reference) (9.6-10.3) 

a 0,049 136 15.2 1.5 4h 48 min 
| (14.3-16.1) 

B 0.024 136 16.8 1.7 10h 30 min 
| (16.0-17.7) 

RTR a 











*Caleulated for LDSO, 


+Value of LD50 and between brackets 95% confidence interval. 
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Fig. 1. 


Iso-effect absorbed doses D corresponding to different sur- 

vival levels S as a function of irradiation time t. The iso- 

effect curves are computed from the model with the values of 
the parameters given in the text. ; 

Comparison with the present experimental points (circles, 

data from Table I; squares, data from Table IT) indicates 

that the increase of LDSO observed with increasing ir- 

radiation time is in rather good agreement with that expected 
when considering only repair of sublethal lesions. 

The ratio D/,Do is presented in the right-hand ordinate, 

assuming nDo=2.25 Gy. The ratio t/T is presented in the 

upper abscissa, assuming T=1.5 h. 


model taking into account only repair of sublethal lesions 
(Fig. 1). 

g Finally, for animals surviving the intestinal syndrome 
after whole-body irradiation, LD50 scored at 30 days was 
net very different for the three dose rates (L.D50/30 6-8 
Gy). Although the number of animals was small (101 mice), 


this observation suggests that the bone-marrow syndrome is 
less dependent on dose rate, or irradiation time, than the 
gastrointestinal syndrome. 

Comparison with the experimental data already published 
indicates that, for some biological systems and effects, the 
additional dose necessary to reach a given effect when 
passing from ‘‘acute”’ to ‘‘continuous low dose rate” irradi- 
ation is comparable to that expected when considering only 
repair of sublethal lesions (Kal, 1974; Kal and Sissingh, 
1974). For other biological systems and effects, it is neces- 
sary to consider, besides repair of sublethal lesions, other 
mechanisms such as cell distribution (Frindel et al., 1972; 
Kal, 1974) and, for tumours, the oxygen effect (Kal and 
Barendsen, 1972; Frindel et al., 1972; Hill and Bush, 1973; 
Kal, 1974; Fu et al., 1975). 

A differential effect then appears to be possible (Pierquin 
et al., 1975). However, as far as clinical applications are con- 
cerned, general agreement has not yet been reached on the 
exact shape of the iso-effect curves as a function of irradi- 
ation time for the effects relevant to radiation therapy (Pater- 
son, 1963; Awwad et al., 1974). 
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Book reviews 


Ultraschalldiagnostik (B-scan) in der inneren Medizin. 
Editor Harald Lutz. pp. xii+152, illus., 1978 (Springer 
Verlag KG, Berlin), D.M.78/$39.00. 

ISBN 3-540-08189-5. 

The value of this book is somewhat limited in the UK 
since the text is in German, and the equipment used for all 
examinations is the Vidoson, very few specimens of which 
are available within the UK. The main value of the book 
perhaps lies in its value as an indicator of the capability and 
limitations of real-time ultrasound examination of the 
abdomen. 

The quality of the illustrations is very good, especially in 
terms of a grey-scale, but I found the line diagrarns rather 
primitive although generally adequate. The book is essen- 
tially an atlas of illustrative cases and therefore contains a 
minimum of text. The number of references is rather larger 
than one would have expected in such a book and I found 
them extremely valuable. This book is also rather better than 
previous publications using illustrations from the same 
equipment, since in this atlas the orientation of all images 
has been standardized. 

Much of the pathology shown is rather gross and examples 
of smaller masses within the liver would have been useful. 
The sections on thyroid and heart were particularly poor, 
though considering the limitations of the equipment the 
section on pancreas was unusually good. I was, however, 
somewhat surprised to note that in acute pancreatitis the 
author does not appear to note reduction in echoamplitudes 
as is seen by all other workers in this field. Conversely, 
carcinoma of the pancreas appears to display unusually low 
echoamplitudes and I wonder to what extent this is depen- 
dant upon patient selection or the type of equipment used. 

The section on intestinal lesions is of dubious value 
especially since the author does not give a differential diag- 
nosis for most of the examples shown. 

On the whole the text is, however, fairly good, the 


author emphasizing the non-specific nature of the ultra- 
sound findings in many conditions. 

This book is unlikely to be useful to investigators wishing 
to examine patients with a conventional “B” scanner, and 
will, therefore, have only a very limited market in the UK. 

H. B. MERE. 


Cross-Sectional Anatomy-—an Atlas for Computerized 
Tomography. By Robert S. Ledley, H. K. Huang and John 
C. Maziotta, pp. xii+317, illus. (Williams & Wilkins Co., 
Baltimore), $69.95. 

As computed tomography becomes more widely prac- 
tised, there is a growing need for a comprehensive atlas 
demonstrating cross-sectional anatomy, as shown in the 
CT scan. This book relates anatomical diagrams to the CT 
image throughout the body including the limbs. Each 
double page includes a radiograph depicting the level of the 
cross-section which is an excellent idea, as well as diagrams 
in the sagittal and cross-sectional planes. Some of these 
cross-sectional diagrams are a little difficult to intepret, as all 
the structures, excluding muscle and bone, are represented 
by single line drawings without shading. The CT scans are 
illustrated both in colour and as a gray scale image. The 
colour illustrations seem to add little useful information, 
The quality of the CT scans is not as high as images pro- 
duced by the majority of scanners currently available. In 
many examples it is difficult to define structures which 
should be clearly visible with CT. This is unfortunate but 
understandable because any book produced during the first 
three years of a rapidly advancing technology is likely to lag 
behind the most recent developments. 

Although the general layout of this atlas is excellent, it 
could be improved by CT images of higher quality. 

Janet E. HUSBAND. 
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Place of new contrast media in renal failure 


Tue Eprror—Sir, 

It was with great interest that I read ‘“The effect of 
osmotic diuresis on urinary iodine concentration” (Webb 
et al., 1978) in your February issue. I believe some ob- 
servations from our recent experiments and calculations 
may be of interest and cast some additional light on the 
place of contrast media of reduced osmolality in advanced 
renal failure. 

In patients with normal renal function the urinary tract 
increases in volume during osmotic diuresis (Dorph et al., 
1977) and therefore both the increase in urine flow and the 
iodine concentration will be of importance for the ab- 
sorption of X-ray in the urinary tract. Calculations (Golman 
1977) have shown that the urinary iodine concentration is 
the most important parameter. 

In renal failure the urinary tract may be chronically fully 
distended by the obligatory (urea) diuresis and the contrast 
media may be unable to produce any further increase in the 
diameter of the tubulus (the depth of the X-ray absorbing 
layer). The urinary iodine concentration thus becomes the 
only parameter of importance and the significant increase in 
iodine concentrations obtained using metrizamide instead of 
the ionic media during the important first 20 min after 
injection in the study of Webb and colleagues (during both 
moderate and large mannitol diuresis) could give the in- 
crease in X-ray absorption which was just necessary to 
obtain a diagnostically usable examination. 

Moreover, the reduced toxicity and pharmacological side- 
effects of metrizamide compared to the common ionic 
media (see Acta Radiologica Supple. 335, various authors 
1973; Kolbenstvedt et al., 1979) should be especially 
important in the presence of renal failure, as the patients 
may already be out of fluid balance. 

In children with renal failure where the doses tend to be 
high per kg body weight the dehydration produced by the 
ionic media may produce a life-threatening condition and 
thus the place of contrast media of reduced osmolality must 
be seriously considered. 

Yours, etc., 
K. GOLMAN. 
Experimental Department, 
Malmö Allmänna Sjukhus, 
S-21401 Malmö, Sweden. 
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Artefacts in CT scanning 


THE EDITOR—SIR, 

CT-scanning is penetrating diagnostic medical practice 
at an amazing pace with a wide spectrum of application. 
Various factors of a technical nature can interfere with the 
diagnostic quality of the CT-scans, and among them are the 


1 





introduction into the patient of radiopaque substances of 
high atomic number. These substances when irradiated 
produce hard scatter radiation which can obliterate com- 
plete sets of CT-scans, making them unreadable on account 
of artefacts. 


B 


Fic. 1. 


(a) A coronal section of the head of a patient with intra- 


cerebral calcification as seen before dental treatment. 


(B) The disastrous effect of dental fillings on control CT- 


scans four weeks later 
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In this letter we address our colleagues, the dentists, to 
avoid as far as possible the use of dental metal alloys and to 
replace them by fillings and prostheses in plastic or porcelain. 
We invite our colleagues the anaesthetists, to replace 
metallic accessories for intubation by materials in plastic. 
We wonder if the use of neuroleptics instead of general 
anaesthesia, requiring no intubation, could be the best 
solution. We should like to ask our colleagues the neurol- 
ogists and neurosurgeons to stop using oily contrast in the 
examination of the central nervous system, because of the 
residual deposits and to substitute water-soluble contrast 
instead. We invite them to attempt to find ways to replace 
metallic clips used in surgical procedures, because they are 
the source of most disturbing artefacts during CT-scanning. 

To illustrate what we mean by artefacts produced by 
high atomic number substances introduced into a patient, 
we refer to Fig. 1A and 1B. 

Yours, etc., 
J. A. VEIGA-PIRES, 
M. KAISER. 
X-ray Department, 
Academisch Ziekenhuis Utrecht 
The Netherlands. 


Erosion of the sphenoid bone 


THE EDITOR—SIR, 

This letter has been prompted by a recent article in the 
Journal (May 1978) by Witcombe and Cremin describing 
tuberculous erosion of sphenoid bone. The purpose of this 
letter is to draw attention to the fact that non-specific in- 
flammatory sinusitis may also cause extensive lytic destruc- 
tion of the sphenoid bone. 

Recently a 22-year-old aboriginal man was admitted to 
the Royal Perth Hospital with one month’s history of head- 
aches. On examination, he was apyrexial; high mental 
function tests, cranial nerves and rest of the central nervous 
system examination was normal. Skull radiographs revealed 
pansinusitis with destruction of the floor of the sella turcica 
and of the clivus. (Fig. 1). 

Radiological differential diagnoses offered were chronic 
granulomatous infection or neoplastic (lymphomatous) 
destruction of the sphenoid bone. Pneumoencephalogram 
revealed normal cerebrospinal fluid with normal basal cis- 
terns. 





Fre. 1, 


Exploration of the sphenoid sinus was carried out. 
Bacteriological examination was negative and histology 
revealed non-specific inflammatory polypoidal hypertrophy 
of the sphenoid sinus mucosa. No evidence of tuberculosis, 
fungal disease or malignancy was detected. 

We were fairly confident that this extensive destruction of 
the sphenoid bone wax due to tuberculous or fungal disease 
and were very surprised when this was not confirmed at 
operation. 

Yours etc., 
T. M. H. CHAKERA. 
Department of Diagnostic Radiology, 
Royal Perth Hospital, 
Box X2213, 
Perth, Western Australia 6001. 
(Received October 1978) 
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Carcinoma of the cervix at the Royal Marsden 
Hospital, London, 1962-70: survival results 


THE EDITOR—SIR, 

In 1944 a joint clinic was formed by the Royal Marsden 
Hospital and the Chelsea Hospital for Women for the treat- 
ment of cancer patients requiring radiotherapy, and four 
reports on the treatment results have been published 
(Blaikley et al., 1952, 1957, 1962, 1969). This letter presents 
the survival of all previously untreated patients with car- 
cinoma of the cervix, almost 1000, seen at the Royal Marsden 
Hospital, London, between 1962 and 1970, some 50% of 
whom were also seen in the joint clinic with the Chelsea 
Hospital. The survival rates (Fig. 1) were calculated by an 
actuarial method, whereas in the earlier reports only a crude 
survival rate was given. However, since not more than 10% 
of the cases were lost to follow-up in those analyses, a valid 
comparison can be made between the previously published 
five-year survival rates and those for the 1962-70 period. 

The total number in all stages is 995. Fifty were in stage 
1A and 254 in stage 1B. The histology of the majority was 
squamous cell carcinoma. Adenocarcinomata accounted for 
only 8% of the entire 1962-70 series and the numbers are 
therefore too small for an analysis of survival rate by 
histology. 

The overall five-year survival rates are compared with 
those of other series in Table I. There has been an improve- 
ment in the stage 1 results since the last RMH-Chelsea 
Hospital report for 1944—60, but the overall results for 
stages 2, 3 and 4 show no improvement, which is disap- 
pointing. The results in this current series are similar to 
those reported from other centres in the United Kingdom 
but they are significantly worse than those reported by 
Fletcher (1973). This is part of a pattern in which the survival 
of patients with carcinoma of the cervix in the United King- 
dom is generally lower than the survival reported from 
North America, although the reasons for the existence of 
such a pattern are not certain. 

We wish to thank Dr. M. Lederman and Dr. V. M. Dalley 
for their encouragement with this study and for permission 
to use their data. We are also grateful to Mr. R. B. Rickford 
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TABLE I 


FIVE-YEAR CARCINOMA CERVIX SURVIVAL RATES 











Hospital series 
































*Royal Marsden | Royal Marsden! +Manchester *Houston | +124 institutions | *Royal Marsden 
| and Chelsea in 26 countries Chelsea 
Hammersmith 
Stage U.C.H, 
Middlesex 
1962-70 1944-60 1961-65 1954-67 1956-60 1944-72 
1 74% 64% 73%, 92% 76% 71% 
2 46% 1 45% 52% 76% 54% 
3 16% 19% jee) 41%@ 32% 21% 
4 | 6%, 4%, = 14% 8%, Not stated 
‘Total cases | 995 1007 1991 1705 32774 2829 
Reference j Blailkey et al. Easson (1973) | Fletcher (1973) | Ackerman and Mould (1973) 
(1969) del Regato 
(1970) 





*Actuarial survival rate calculation. 


*+Crade survival rate calculation. 





{Five-year survival rates for stage 2A were 51% and for stage 2B were 43%. 
§Mean five-year survival rates calculated from stage 2A (84%) and stage 2B (67%). 
Q Mean. five-year survival rates calculated from stage 3A (45%) and stage 3B (36%). 


CARCINOMA CERVIX - ROYAL MARSDEN HOSPITAL, LONDON, 1962-1970 and all referring gynaecologists. We would also like to thank 





Survival rate Phi 
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Mrs. V. S. Chapman for secretarial assistance. 
Yours, etc., 
R. F. Moun, 

Physics Department, 
Westminster Hospital, 
Page Street Wing, 
London, S.W.1. 

Jean F. STAFFURTH. 
Radiotherapy Department, 
Royal Marsden Hospital, 
London, S.W.3. 
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Relative efficacy of high-pressure oxygen and 
misonidazole to reduce TCD50 of a mouse 
mammary carcinoma 


Tue EDITOR— SIR, 

Respiration of pure oxygen at 200 kPa (30 psi) before and 
then during each treatment session of conventional frac- 
tionated radiation therapy has recently been found to 
improve survival rates for patients with squamous car- 
cinomas of the head and neck (Henk and Smith, 1977), 
uterine cervix (Watson et al., 1978) and bronchus (Cade 
et al., 1978), For the head and neck and the uterine cervix 
group (Stage III), local control frequencies were increased 
by some 20 percentage points: indeed an impressive 
improvement. These data provide strong support for the 
concept that some of the failures of conventional radiation 
therapy are due to the presence of hypoxic and hence 
radiation-resistant tumour cells (Gray et al., 1953). Thus, 
these data constitute a clear stimulus for further efforts to 
develop effective means to overcome the impact of hypoxic 
cells on radiation therapy. Technical complexity and 
clinical limitations in the use of hyperbaric oxygen, to- 
gether with the very long time which was required in 
obtaining positive results from the clinical trials mentioned 
above have, we think, been important contributions to the 
decrease in level of interest in the use of hyperbaric oxygen. 
The major current laboratory and clinical investigations of 
this general problem are directed towards assessment of the 
clinical efficacy of high LET radiation and of compounds 
which selectively radiosensitize hypoxic cells. However, 
results from prospective clinical trials of high LET radi- 
ations (Catterall et al., 1977) hypoxic sensitizers (Urtasun 
et al., 1976) are, by comparison with those available for high 
pressure oxygen, very limited. There have been no com- 
parisons of the efficacy of these various approaches to the 
problem of hypoxic cells using laboratory animal models. 

Results from T'CD50 assays of the C3H mouse mammary 
carcinoma, MDAH/MCalIV for radiation given under 
conditions of hyperbaric oxygen respiration or of mison- 
idazole treatment are of interest in this context. Data from 
single dose and fractionated irradiation (ten equal doses, one 
day between fractions) of this tumour but performed at 
different laboratories and at different times are presented in 


Table I. Enhancement ratios are computed as TCD50 air/ 
TCD50 test for studies with Oz at 200 kPa or misonidazole. 
The results from these two sets of experiments demonstrate 
that hyperbaric oxygen was impressively more effective in 
reducing the TCD50 for fractionated radiation than was 
misonidazole. However, misonidazole at both 0.3 mg/g 
body weight and 1.0 mg/g were more effective for single 
dose irradiation than was hyperbaric oxygen. Our confidence 
in the results of this inter-laboratory comparison is strength- 
ened by the fact that the enhancement ratio for misonidazole 
and single dose irradiation for MDAH/MCalIV studied 
under the same conditions was 2.3 (Stone and Withers, 
1975), z.e., identical to the value found at Stanford. 

The enhancement ratio of misonidazole shown in this 
table for ten fractions of radiation is consistent with the 
enhancement ratio of 1.2 to 1.5 for two other tumour systems 
irradiated with five fractions over four days (Fowler et al., 
1976; Sheldon and Hill, 1977). In assays of fractionated 
irradiation and hyperbaric oxygen with this tumour, en- 
hancement ratios for radiation given in five to ten fractions 
with inter-treatment intervals of less than one day up to five 
days have been in the range 1.6 to 1.8 (Suit et al., 1977). 

These various data suggest that the results of combining 
misonidazole at maximum tolerated doses with fractionated 
irradiation will not necessarily be superior to those obtained 
by combining high pressure oxygen with fractionated ir- 
radiation. Because of the very large body of clinical data on 
the efficacy of hyperbaric oxygen there is now a serious need 
for studies of the comparative efficacy of hyperbaric oxygen, 
hypoxic cell sensitizers and high LET radiation based on 
data generated in one laboratory using several different 
animal tumour systems. 


Yours, etc., 
H. D. Surv, 
Department of Radiation Medicine, 
Massachusetts General Hospital, 
Harvard Medical School, 
Boston, MA 02114. 
J. M. BROWN. 


Department of Radiology, 
Stanford University Medical Center, 
Stanford, CA 94305. 


TABLE I 


TCD50 vaLugs ror 8 mM MDAH/MCa IV FOR SINGLE OR FRACTIONATED IRRADIATION ALONE OR 
COMBINED WITH 02 AT 200 KPA (30 PSI) OR MISONIDAZOLE 





























*10 equal doses, 1 day between treatments. 





1 
‘Treatment TCD50 (rad) Enhancement Ratio | 
Investigator Radiation Modifier (95% Conf. limits) (95% Conf. intervals} | 
Suit et al., (1977) 137Cs Respired gas 
v= AIR 6550 (6320... 6790) 1.12 (1.04...1.21) 
Oz 30 psi 5830 (5420... 6270) 
u= 10* AIR 10450 (9490... 11500) 1.78 (1.56... 2,01) 
Oz 30 psi 5850 (5370... 6380) 
v= 10 AIR 10570 (9680 . . . 11540) 1.72 (1.50... 1.98) } 
(repeat) Oz 30 psi 6140 (5490... 6870) | 
Brown (1978) 250 kV Misonidazolet 
unpublished us| 0.0 7125 (6600... 7700) 
0.3 mg/g < 4000 >1.8 
1.0 mg/g 3100 (2960... 3250) 2,30 (2.10... 2.51) 
ve=10 0.0 9700 (8660 . . . 10860) 4.39 (1.23 1.56) 
0.3 mg/g 7000 (6730... 7200) 








tinjection of drug i.p. 30 min prior to start of radiation exposures. 


vis the number of fractions. 
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Two regimes with the same TDF but differing 
morbidity used in the treatment of stage Ill carcinoma 
of the cervix 


The Eorror—Sir, 

In the above-named paper, Singh (1978) reports his 
clinical experience in treating cervix patients with daily or 
weekly fractionation schedules using ®°Co radiation as part 
of more complex treatment regimes. I disagree with the con- 
clusions which he draws from an analysis of the late reactions 
or complications found in these patients. 

Patients presenting with stage IIIB carcinoma of the 
cervix were treated with complex regimes comprising a 
parallel-opposed fractionated schedule preceding a radium 
insertion, followed in turn by a further parallel-opposed 
fractionated schedule, as a general protocol. The patients 
were divided into two groups: Group I having fractionated 
schedules given daily and Group lH weekly. As similar radium 
treatments were given to beth groups, it is reasonable to 
attribute the differences in morbidity found to the different 
fractionated schedules used and to ignore the radium treat- 
ment in this discussion. In Group I, patients with separ- 
ations greater than 18 cm were given 3000 rad (all quoted 


doses are mid-plane) and thinner patients 4000 rad in 20 
daily fractions, from the first parallel-opposed schedule, All 
patients in this group were given 1000 rad in five daily frac- 
tions after the radium insertion. Presumably the dose to mid- 
plane for thicker patients was reduced to minimize the doses 
to subcutaneous and underlying tissues. In Group H, all 
patients regardless of thickness were given five fractions of 
580 rad in 28 days before radium insertion, and one fraction 
of 670 rad after insertion, although this latter dose was on 
occasion reduced to 580 rad. These treatment schedules 
given to Group IT were assessed as being equivalent to the 
corresponding schedules of 4000 rad in 20 daily fractions and 
1000 rad in 5 daily fractions of Group I on the basis of the 
TDF tables of Orton and Ellis (1973). 

I take issue with the conclusions reached by Singh (1978) 
on two counts. The CRE-system (Kirk et al., 1971) suggests 
that the equivalent single fraction given after insertion in 
Group II should have been 550 rad rather than 670 rad to 
have the same biological effect as 100 rad given in five daily 
fractions (the CRE can be applied to one fraction if part of an 
extended regime). However, of greater significance is the 
fact that apparently all patients in Group II were given a 
treatment schedule before insertion assessed as being equiv- 
alent to 4000 rad given in 20 fractions in four weeks (TDF of 
66), and no reduction in dose was made for patients with 
separations greater than 18 cm as in Group I. Therefore, 
such patients would receive higher incident doses and 
consequently higher doses to subcutaneous and underlying 
tissues, so that it is not surprising to find a greater incidence 
of late reactions and complications in Group I. The con- 
clusions reached by Singh (1978) from an analysis of the 
results of his clinical trial are based on the false premise that 
he has compared the radiation reactions of two groups of 
patients given equivalent regimes; although “equivalence” 
and ‘‘validity”’ of empirical descriptions of biological effect 
are also on test. In fact, by not modifying the dose with 
thickness of patient in Group II but doing so in Group I, 
the two groups of patients have been treated according to 
completely different policies, so that the objectives of the 
clinical trial have not been achieved. 

However, while criticizing the conclusions reached on the 
basis of existing data, I fully appreciate the practical merits 
in the prevailing local conditions of changing from daily to 
weekly fractionation schedules, and it would be a pity at this 
stage to abandon the possibility of using weekly fractionation. 
It is evident from Singh (1978) that late reactions and com- 
plications are the limiting factors. In a detailed study, 
involving clinical trials, of fractionation and dose-rate in 
radiotherapy (Turesson, 1978), Turesson and Notter 
thoroughly investigated the matter of early and late reactions 
on the basis of skin response. As a result, they have presented 
a modified form of the CRE formulation for assessing the 
late reactions of fractionated treatment schedules. Assuming 
the relevance of that equation to the present situation, the 
following treatment regimes for Group II are proposed as 
equivalent to those used in Group I for late effects: 

(a) for separations greater than 18 cm: 
five fractions of 410 rad given in 28 days before the 
radium insertion, followed by a single fraction of 520 rad, 
(b) for separations of 18 cm or less: 
five fractions of 540 rad given in 28 days before the 
radium insertion, followed by a single fraction of 520 rad. 

While empirical descriptions of biological effect such as 
the NSD, TDF and CRE may not necessarily be applicable 
to the rectosigmoid, validity can not be disproved on the 
basis of the evidence presented by Singh (1978). 


Yours, etc., 
J. Kirk. 
West of Scotland Health Boards, 
Department of Clinical Physics and Bio-Engineering, 
11 West Graham Street, 
Glasgow G4 9LF, 
Scotland. 
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(In reply) 


Two regimes with the same TDF but differing 
morbidity used in the treatment of stage lil 
carcinoma of the cervix 


THe Eprror—Sir, 

I am grateful to Dr. Kirk for his comments and sug- 
gestions. His letter has provided me with an opportunity to 
remove any ambiguity in my paper. 

In Group I, three patients with a separation above 18 cm 
were given a midplane dose of 3000 rad prior to intra- 
cavitary insertion. These patients were, however, given the 
remaining 1000 rad to the whole pelvis after the intra- 
cavitary insertion. I had stated in my paper: ‘‘A total dose of 
8000 rad was given to point A and 6000 rad to the pelvic 
wall. The central high dose area was shielded after the whole 
pelvis had received 4000 rad by cobalt.” Thus all patients in 
Group I received 4000 rad to the whole pelvis by cobalt 
teletherapy. We had planned to do the same in Group II; 
those with a separation greater than 18 cm to get only four 
(instead of five) weekly fractions prior to intracavitary 
irradiation and two (instead of one) weekly fractions after 
the intracavitary irradiation. It was by chance that no 
patient in this group had a separation exceeding 18 cm. To 
make it absolutely clear: the mid-pelvic dose was the same 
in each patient irrespective of the separation. I did not 
reject patients with a greater separation from Group I 
because I did not want to vitiate the trial by any selection. 
Consecutive patients were therefore included in both the 
groups. 

I must admit that I was not clear as to the equivalent 
single dose after the insertion. This dose was meant for 
irradiation of the parametria with central shielding. As 
pointed out by Dr. Kirk this dose was high but I doubt if 
this slightly higher dose to the parametria contributed to 
the severity of the rectal reactions. 

I highly appreciate the suggestion of Dr. Kirk of not 
abandoning the weekly regime but to repeat the trial with 
the dose schedules calculated by him on the basis of 
‘Turesson’s work. I do not think there is any need to reduce 
the dose for patients with a separation greater than 18 cm. 

Yours, etc., 
K. SINGH. 
Postgraduate Institute of Medical 
Education and Research, 
Chandigarh, India. 
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Computer assistance: an essential for adrenal 
imaging 


THE EDITOR—SIR, 

We read with interest the recent report (Thomson et al., 
1978) in your journal of the successful visualization of ab- 
normal adrenal uptake without the use of computerized 
background subtraction. Our recent experience with two 
different adrenal scanning agents and a variety of imaging 
devices leads us to agree that computer assistance is not 
routinely required for diagnostic purposes, although it is 
essential for quantifying adrenal uptake (Koral and Sarkar, 
1977). 

Our initial experience of adrenal imaging with 1311-19- 
iodocholesterol in 46 patients was recently reported 
(Wahner et al., 1977) and since that time we have studied a 
further 65 patients with 131H-68—-iodomethyl-1 9-norcholest—- 
5~(10)-en-ol (NP 59). This series of 111 patients includes 57 
with primary aldosteronism and 30 who fulfil the clinical 
and biochemical criteria of Cushing’s syndrome. During the 
earlier studies we employed for imaging purposes either a 
rectilinear scanner or a wide-field gamma camera. More 
recently we have routinely used a Pho/Con (Searle Radio- 
graphics, Inc.) Emission Tomographic Scanner. 

In our hands the images obtained by the tomographic 
scanner represent a significant advance over those obtained 
by either the rectilinear scanner or a conventional gamma 
camera. Although routinely we obtain computerized 
images with background subtraction and smoothing we have 
not found this facility essential for the provision of diagnostic 
information. 

Although we feel that using the computer ‘‘as a means of 
subtracting unwanted uptake” (Thomson et al., 1978) is not 
a necessity for routine adrenal imaging, we do, however, 
successfully employ the computer in a rather different 
context. Using a recently described subtraction technique 
(Thorson et al., 1978) we obtain an accurately defined renal 
or liver image with 9°Tc™ DTPA or °9T'c™ sulphur colloid 
respectively and after renal or liver localization we employ 
the computer to further define the location of the adrenal 
image. An example of this technique is shown in Fig. 1 
(p. 162) which demonstrates a right sided aldosteronoma in 
a patient with Conn’s syndrome. 

Yours etc., 
L D. Hay, 
M. L. BROWN, 
H. W. WAHNER. 
Division of Endocrinology and 
Department of Diagnostic Nuclear Medicine, 
Mayo Clinic, Rochester, 
Minnesota 55901 USA 
(Received September, 1978) 
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Tomographic scans of patient with Conn’s syndrome 120 hours after injection. Pos- 
terior view (top right), kidney scan (bottom right), adrenal with kidney subtracted 
(bottom left). 


The centigray as the SI unit of dose 


Tue Eprror—Sir, 

Dr. Halnan asks (Halnan, 1978) for support for the use of 
the centigray (cGy) as the practical SI unit of dose for 
clinical radiotherapy. We wish to offer our support, and 
endorse his reasons. We have in mind particularly those 
circumstances where dose is prescribed as, for example, 
60 rad (0.6 Gy) daily, or in the case of total body treatments 
say 10 rad (0.10 Gy) and where serious error could arise in 
association with the use of the gray. In addition, although 
many treatment doses may be in kilorad, dose rates are 
generally of the order of 1 Gy per minute and are often 
below that figure. (Were we under any threat of being forced 
to express dose rates in s~! rather than min! there would be 
a problem of even greater concern.) 

We see no reason why a department should not, if it 
wishes, use the centigray strictly for internal, everyday, 
routine purposes and use the gray in formal papers, annual 
reports, or any other documents going out of the depart- 
ment. Indeed, if such a department continued on this basis 
to call the centigray unit the ‘“‘rad’’ we do not see that anyone 
outside that department would have cause to complain. 
Units should be for the convenience of the user. 

It must be recognized that the millirad cannot very well be 
perpetuated as the milli-centigray. However, the millirad 
has never had such strong claims as a practical unit in pro- 
tection as has the rad in radiotherapy. For practical use the 
mSv and «Sv are probably on balance neither better nor 
worse than the rad and mrad, though we have seen little 
published discussion of that point. 

A recent report of BCRU, widely circulated for comment, 
expressed at least tolerance and even slight encouragement 


for the centigray in radiotherapy. A revised version of this 
report confirms that tolerance. 


Yours, etc., 
W. Duncan,* 
J. Law.t 


Departments of Radiation Oncology* and Medical 
Physics and Medical Engineering,t 

Western General Hospital, 

Edinburgh EH4 2XU. 

(Received June, 1978) 
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SI units in radiotherapy 


THE Epiror—Sir, 

We note with concern recent correspondence advocating 
the use of the centigray as a unit of dose (Halnan 1978, 
Martin-Smith 1978). Considering the reasoning and history 
behind the introduction of the SI system, it would be a 
retrograde step to introduce a unit such as the centigray. 

As the Australian Metric Conversion Board recom- 
mended that Australians adopt the SI units in radiotherapy 
by January 1978, the Cancer Institute, Melbourne changed 
to these units (rad to gray and centimetre to millimetre) on 
October 3, 1977. 

It was thought that with proper prior instruction ex- 
perienced staff would have no difficulty in adapting to the 
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new units. The date was chosen so that final year students 
would have time to adapt to the new units before becoming 
fully qualified at the end of the Australian academic year in 
December. 

It was decided to use the gray to express both total doses 
and fractions rather than complicating matters by using the 
milligray. Settings and displays of monitor units on therapy 
machines were readily converted so that they bore the same 
relationship to the gray as they formerly did to the rad. 
Outputs of orthovoltage and superficial machines were given 
in terms of seconds per gray, as this retained reasonable 
sized numbers without going to submultiples and preserved 
the intentions of the SI system. 

It need hardly be added that the same number of signifi- 
cant figures are used in the ordering of doses, setting of 
monitor units and time, etc., and that there is no reduction 
in accuracy. 

During the period October 3, 1978 to June 30, 1978, 
4588 new courses of external beam radiotherapy were 
planned and treated and a total of 93587 fields were de- 
livered. All reported errors during this time were reviewed 
and none were directly or indirectly attributable to the 
change of units. 

In conclusion, our experience shows that even in a very 
large radiotherapy centre a change to SI units need not be a 
traumatic one; there was no sign of an increased error rate 
and there has been no decrease in accuracy. 

Yours etc., 
T. F. SANDEMAN, 
R. M. MILLAR, 
J. D. DRUMMOND. 
Cancer Institute, 
481 Little Lonsdale Street, 
Melbourne, Victoria, 3000, 
Australia. 
(Received October, 1978) 
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X-ray visibility of the dark adapted eye 


THE Eprror—Sir, 

With reference to Dr. Cochrane Shanks’ recent letter 
(1978), the fact that X-rays are visible to the dark adapted 
eye is not generally known, but in fact it was noted by 
Röntgen and several of the early workers. 

Similar observations were made with radium. It has also 
been suggested, though not recently, that these properties 
could be used to help the partially blind to see. 

I published with Professor Arnold Sorsby (Sorsby and 
O'Connor, 1945; Deller et al., 1947) a method of meas- 
uring the diameters of the living eye, making use of this 
property. It is interesting that this should have been again 
noticed by Dr. Shanks in the context of the modern CAT 
scanner, 

Yours, etc., 
A. D. O'CONNOR. 
Department of Radiotherapy & Oncology, 
King’s College Hospital, 
Denmark Hill, London SE5 9RS. 
(Received October, 1978) 
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Sensitivity of the eye to X rays 


THE Eprror—Sir, 

Many readers will have been interested in Dr. Cochrane 
Shanks’ brief report on the sensation of light he experienced 
whilst undergoing an EMI scan (Cochrane Shanks, 1978). 
Few of us could confirm this observation from our own 
experience and this is testimony to the progress that has 
been made in radiation safety. 

Some years ago, browsing in Manchester University 
Library, I happened upon a book which, so far as I recall, 
was Clark(e), Applied X-rays, 1936. In it I found the 
comment, again to the best of my memory, “Every radiation 
worker will be familiar with the sensation of light which is 
experienced when a beam of X-rays impinges on the eyes”. 

Yours, etc, 
E. W. Emery. 


Department of Medical Physics, 
Royal Postgraduate Medical School, 
Hammersmith Hospital, 

Du Cane Road, London W12 OHS, 
(Received October, 1978) 
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Alterations in the manuscript of R6ntgen's 
publication “Ueber eine neue Art von Strahlen" 
(1895) 


Tue Epiror—Sir, 

We are extremely interested in the letter to the editor by 
Dr. E. Fischman (Fischman, 1978). 

Dr. Fischman contends that Dr. Freund in his article 
“Lenard’s share in the discovery of X-rays”, in the 1946 
issue of your journal, was probably incorrect in assuming 
that Röntgen experimented with a Lenard tube when on 
November 8, 1895 he discovered “A New Kind of Ray.” 
Dr. Fischman clearly points out that the analysis of the first 
page of the manuscript does not support the contention that 
it was a Lenard tube. 

Dr. Kraft’s research and our translation of Zehnder’s 
correspondence with Réntgen indicated that, although 
Röntgen discovered the X ray in 1895, the question of 
whether a Lenard tube was utilized in the crucial experiments 
was raised first in 1901. Until that time, Röntgen had re- 
mained uncontested in his discovery. However, when he 
was awarded the Nobel Prize in 1901, Lenard felt chided as 
he considered himself the true discoverer. 

Röntgen used to keep his tubes attached to mercury 
pumps for several days at a time in order to obtain a near 
perfect vacuum. Lenard’s aluminium-window tube ap- 
parently proved less suitable for this purpose. If it were 
otherwise, Réntgen would have undoubtedly given Lenard 
his due credit. - 

Zehnder, in his comments to Réntgen’s letters to him, 
stated that on his visit to Würzburg in 1896, soon after the 
discovery, Röntgen told him that he had made the discovery 
with a Hittorf tube. In his letter to Zehnder, dated April 4, 
1905, Röntgen wrote: “I can well understand that some 
physicists have not participated (nominal contribution for a 
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memorial tablet on his 60th birthday), not necessarily due 
to an unfriendly attitude. Well, dear heaven, the envious are 
never lacking when something occurs as with me. That is al- 
ways the case,” 

On May 15, 1921, Röntgen wrote to Zehnder: “I want to 
thank you for having always emphatically defended me as to 
the priority claim regarding the discovery of the X-ray. The 
false rumours, I think, started in Heidelberg with Quincke 
(Lenard’s superior) on whose toes I have stepped a few 
times. Lenard, a former friend confirmed these rumours 
nier l had moved to Munich and received the Nobel 

rize,” 

It was earlier believed that the cathode ray caused 
fluorescence which occurred at a distance from the tube very 
close to the tube in contrast to the later discovery of an 
ionizing effect, With a most careful preparation for the 
crucial experiment, Röntgen succeeded in obtaining fluor- 
escence for much greater distances than previously. This 
significant breakthrough led to the discovery of a “new kind 
of ray,” differing from the cathode ray. Actually, this 
discovery was never challenged except for the breakthrough. 

Cm the other hand, Lenard, for almost five decades, 
persisted that the X-ray was his own brainchild which 
Röntgen, acting as an obstetrician, merely extracted with 
forceps (interviews with O. Glasser and L. Etter after 
World War ID (Etter, 1946). 

We, therefore agree with Dr. Fischman and disagree with 
Dr, Freund in believing that Réntgen’s great contribution 
was unrelated to and not dependant upon the use of the 
Lenard tube. 


Yours, etc., 
N. Frnsy, 
E. KRAFT. 
St. Luke’s Hospital Center, 
Amsterdam Avenue, 
114th Street, 
NYC. 10025. 
{Received August, 1978) 
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The plight of radiologists in Russia 


‘Tre Eprror—Sir, 

Dr. Maria Slepak is alive, not very well and living at the 
moment in Moscow. Colleagues may know that she is a 
radiologist who has been convicted of “malicious hooligan- 
iam’ because she and her husband had displayed a poster on 
the balcony of their flat demanding their long-refused right 
to emigrate and rejoin their family. This means that at any 


time, even near the end of her sentence, she can be sent to a 
labour camp for three years. She had four days notice of her 
trial, shortly after discharge from hospital where she had 
treatment for exacerbation of a duodenal ulcer. 

You may also have read that her husband Vladimir, an 
electronics engineer, was exiled to Siberia to menial work for 
five years on June 21, 1978 on a similar charge. She will 
probably be permitted to join him. They are ‘‘refuseniks” 
of long standing, eight years, and during that time have 
suffered physical harassment and intimidation. On one 
occasion Dr. Slepak was beaten by the K.G.B. in front of 
her family and her son, then aged eleven, was arrested on 
his way home from school and threatened. 

This journal is inappropriate for political matters, so it is 
important to differentiate between “‘refuseniks”——-who have 
been refused permission contrary to the Helsinki agreement, 
to leave the USSR to rejoin their families—and ‘‘dissidents”’, 
such as Nobel-Prizewinner Sakharov and Dr. Orlov, what- 
ever we may feel about the treatment meted out to these 
latter. 

It is possible that the relatively light sentence demanded 
by the public prosecutor came as a result of world interest 
and pressure. Therefore, a group of radiological colleagues 
is being formed to support Dr. Slepak both morally and 
practically. This will require a large number of doctors each 
to make a very small effort. 

Regrettably, it will probably be necessary also to help Dr. 
Alla Drugova, another radiologist, whose husband, Iosef 
Begun was again exiled to Siberia on June 29, 1978. His 
offence was to return to her in Moscow after finishing 
his exile,without having received permission to live in that 
particular city. 

We should welcome a response from you by telephone or 
letter to Dr. Jeffrey J. Lesser, 82 Harley Street, London 
W.1—01-636 7171—or to Mrs. Joan Dale, 2 Frognal Rise, 
London N.W.3.—-01~-794 3324—as soon as possible. 

Yours, etc., 


G. ANSELL, GEORGE DU BOULAY, 
G. pe Lacey, E. Rays Davies, 
R. Dick, R. Esan, P. GISHEN, 

M. GOLDMAN, R. GRAINGER, 

B. GREEN, M. GROSSMAN, 

H. HicHMan, A. H. Isaacson, 
C. D. Krasner, L. KREEL, 

G, Lamp, G. LAWTON, 

L. Lessor, A. LYNN 

G. C. Markam, B. E. NATHAN 
L. PELL, J. RABINOWITCH 

P. Renton, M, I. ROBINSON 

T. SHerwoop, M. M. SAXTON 
E. SHevitve, H. SHAWDON 

G. F. SHEPHERD, S. M. SMITH 
J. D. Spencer, M. SPIRO 

F. STARER, G. M. STEINER 

R. F. Sretwer, D. H. TRAPNELL 
G. H. WEINBRENN, R. A. WILKINS 
G, WHITESIDE 


2 Frognal Rise, ` 
London, N.W.3. 
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High dose-rate afterloading gynaecological irradiation as an adjuvant 
to gynaecological surgery: an assessment of the cathetron 


Abstracts of papers presented at a British Institute of Radiology meeting held on May 18, 1978, at the 


Institute House, 32 Welbeck Street, London W1 


The place of the cathetron in the management of endometrial carcinoma, by C. A. Joslin. i 
Treatment techniques of carcinoma of cervix and endometrium at the Middlesex Hospital—early results, by Miss Margaret 


Snelling (no abstract received). 


Fractionation and dose-rate relationships: formulae, experiments and clinical experience, by W. E. Liversage. 
Pre-operative irradiation of uterine cancer using the cathetron, by D. O’Connell, N. Howard and M. G. R. Hull. 


THE PLACE OF THE CATHETRON IN THE MANAGEMENT 
OF ENDOMETRIAL CARCINOMA 


By C. A. Joslin 


University Department of Radiotherapy 
Cookridge Hospital, Leeds 


Endometrial cancer is usually stage I disease suitable for 
surgery. Opinions differ on management but pre-operative 
intrauterine or post-operative intravaginal radiotherapy is 
invariably given. Cases considered unfit for surgery may be 
treated by radical radiotherapy alone. Either of these com- 
binations may have supplementary external beam radio- 
therapy. 

As the cathetron utilizes a single line source supple- 
mented with vaginal ovoids in pre-operative use, it can be 
argued it will only produce bulk reduction and reduce viable 
tumour spillage. In use, one to three treatments are given in 
up to 14 days. Sufficient cases have yet to be reported to 
provide a fair assessment of results, 

The cathetron is an ideally suited machine to carry out 
afterloading of an intravaginal obturator following surgery 
(Joslin and Smith, 1971). When used alone, five fractions, 
each of 700 rad, prescribed at 0.5 cm from the surface of the 
obturator, on a daily basis, is sufficient to reduce vaginal 
vault deposits to one in 88 cases. The advantages include 
outpatient treatment taking a few minutes and the ease of 
combining with external beam therapy. 

A reduction in cathetron dose to 2000 rad in four fractions 
with, 3500 rad teletherapy in 16 fractions over 28 days is used 
for combined treatment. Combined treatment is particularly 
indicated where lymph node involvement is suspected 
{Joslin et al., 1977). 

Overall cure rates in 256 cases have improved by 10% at 
five years compared with 280 cases having restricted radio- 
therapy before the cathetron (p <0.01). The morbidity is no 
worse than that for low activity sources. 

For radical treatment alone the cathetron has little to offer 
a medically unfit patient because of the number of treat- 
ments involved. It also suffers the disadvantages of a single 
line source although attempts are being made to overcome 
this. 


REFERENCES 
Josiin, C. A. and Smita, C. W., 1971 Post-operative radio- 
therapy in the management of uterine corpus carcinoma. 
Clinical Radiology, 22, 118-124. 








Reprints of these abstracts may be obtained free on applica- 
tion to the Managing Editor, BRITISH JOURNAL oF RADI- 
oLoGy, 32 Welbeck Street, London WIM 7PG (01-935 
6867). 


Josti, C. A., VASIHAMPAYAN, G. V. and MALLIK, À., 1977. 
The treatment of early cancer of the corpus uteri, British 
Journal of Radiology, 50, 38. 


FRACTIONATION AND DOSE-RATE RELATIONSHIPS: 
FORMULÆ, EXPERIMENTS AND CLINICAL EXPERIENCE 


By W. E. Liversage 
St. Bartholomew's Hospital, London 


On changing from a low dose-rate irradiation to a fraction- 
ated high dose-rate irradiation, the equivalent total dose may 
be found by applying the CRE system of Kirk ef al. (1971; 
1972; 1973; 1975a; 1975b), the general formula of Liversage 
(1969), combined with the equivalent single skin dose 
formula of Liversage (1971) or the TDF system of Orton 
and Ellis (1973) and Orton (1974). 

Experiments on pig-skin by Turesson (1979), in which 
geometric conditions were kept constant, show that the 
CRE system of Kirk et al., over-estimates the required dose 
by 40%, the system of Liversage predicts the required dose 
to an accuracy of +10% and the TDF system of Orton and 
Ellis underestimates the the required dose by approximately 
20%. 

An analysis of the equivalent doses found from clinical 
experience by eight radiotherapists when treating carcinoma 
of the cervix, shows that when using the normalizing con- 
stants recommended by their authors, these three systems on 
average over-estimate the required dose at high dose-rate by 
82%, 30% and 11% respectively (Liversage, 1978). 

Turesson, from her pig-skin experiments, has established 
new normalizing constants for both the TDF and CRE 
systems. If these normalizing constants are employed in- 
stead of those recommended by the authors, all three 
systems predict that the given dose at high dose-rate should 
be 30% higher than that found by clinical experience. 

The discrepancy between the pig-skin experiments of 
Turesson and the clinical experience of radiotherapists 
treating carcinoma of the cervix, may be due to the fact that 
different tissues behave differently and/or to the fact that 
sources tend to move away from the vaginal epithelium 
during low dose-rate treatment, thus delivering a lower dose 
than prescribed. During high dose-rate treatment, no such 
movement occurs and the prescribed dose is truly delivered. 
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PRE-OPERATIVE IRRADIATION OF UTERINE CANCER 
USING THE CATHETRON 


By D. O’Connell and N. Howard 
Radiotherapy Department, Charing Cross Hospital 
and M. G. R. Hull 


Department of Gynaecology and Obstetrics 
Bristol Maternity Hospital 


This paper is an investigation into the relative effectivity of 
high and low dose-rate intracavitary irradiation in early car- 
cinoma of the uterus, both body and cervix. It is concluded 
that: 

1. As regards local extirpation of growth, the affects are 
equal in carcinoma of the cervix, but high dose-rate irradi- 
tion is very much more effective in carcinoma of the body. 

2. Major morbidity is more likely to follow radiation with 
radium low dose-rate sources than with high dose-rate 
sources, probably due to the fixed geometry of the latter, 
which are inserted for periods of minutes. In this trial the 
low dose-rate sources were left in for a period of 48 hours. 

3. It was found possible to give the treatment with the 
high dose-rate sources without anaesthetic and as an out- 
patient. 





Erratum 


The legend to Fig. 6 of the article Dosimetry of cathetron 
applicators in intracavitary therapy, THE BRITISH JOURNAL 
or RaproLoey, 57, p.513 appeared incorrectly. The legend 


should read: 


Isodose distributions normalized at point A for Manchester 

and Cathetron loadings given in Fig. 3. (a) equal periods of 

exposure of uterine and ovoid catheters. (B) ovoid catheter 

contribution increased by 12.5% to make it proportional to 
Manchester ovoid activity. 
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Forthcoming events and other notices 


The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and its associated bodies on the basis of charging at £1-00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(i.e. April 20, for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 32 Welbeck 


Street, London W1M 7PG. 


New RADIOPHARMACEUTICALS INCLUDING 1°31 

An all day meeting organized by the Nuclear Medicine 
Committee of The British Institute of Radiology, to be held 
on Wednesday, February 14, 1979 at the Middlesex 
Hospital Medical School. 

Further information and registration from the General 
Secretary, The British Institute of Radiology, 32 Welbeck 
Street, London W1M 7PG. 


IMAGING IN NUCLEAR MEDICINE 

An evening meeting to be held on Thursday, February 15, 
1979 at The British Institute of Radiology, 32 Welbeck 
Street, London, W1, organized jointly by The British 
Institute of Radiology, the Royal College of Radiologists and 
the Royal Society of Medicine (Section of Radiology). 

Further information contact the General Secretary, 
The British Institute of Radiology. 


WORKSHOP ON THE USE OF COMPUTERIZED 
‘TOMOGRAPHIC SCANNERS IN RADIOTHERAPY 

Following the successful workshop meeting on ‘“The Use 
of Computers in Radiotherapy in Europe”, held at the Inter- 
national Atomic Energy Agency in July 1976, the Commis- 
sion Informatique of the European Association of Radiology 
will hold a workshop on the “Use of Computerized Tomo- 
graphic Scanners in Radiotherapy”, at the headquarters of 
the World Health Organization on March 28-30, 1979. 

The meeting is designed to promote discussions among 
therapeutic and diagnostic radiologists, physicists and com- 
puter experts with previous experience in this field and will 
be limited strictly to 150 participants. 

The programme will include invited and proffered papers 
and discussions concerning the recognition and definition of 
tumour and target volumes and treatment planning as well 
as future directions for development. The proceedings will 
be published. 

Further information can be obtained from the General 
Secretary, Professor R. J. Berry, Department of Oncology, 
The Middlesex Hospital Medical School, London W1P 
TPN, 


INTERNATIONAL SYMPOSIUM ON RADIOLOGY OF 
THE SMALL INTESTINE AND DUODENUM 

As part of the post-graduate teaching programme 
organized by the C.E.P.U.R. (Section of digestive radi- 
ology: Prof. P. Bodart), on March 30-31, 1979 in Brussels 
(Louvain-en-Woluwe), Belgium, there will be an inter- 
national symposium on the subject of radiology of the small 
intestine and duodenum. 

Preliminary scientific programme: techniques of exam- 
ination including angiography; benign and malignant 
tumours; Crohn disease; other inflammatory diseases; 
vascular disorders; diffuse enteropathies. 

Information and registration: Prof. J. Pringot, Service of 
Radiology, Cliniques Universitaires Saint-Luc, Avenue 
Hippocrate 10, 1200 Bruxelles. 


RADIOBIOLOGY MEETING 
The following meeting is scheduled at the Institute: 
“Preview of papers for the International Congress, Japan”. 
April 20, 1979. This will be a general meeting, and proffered 
papers are invited. Titles and preferably brief abstracts of 


papers should reach Dr. J. H. Hendry, Paterson Labora- 
tories, Christie Hospital and Holt Radium Institute, 
Manchester M20 9BX, by March 15, 1979. 

Further information can be obtained from the General 
Secretary, The British Institute of Radiology (01-935 6237). 


1979 THE BRITISH INSTITUTE OF RADIOLOGY ANNUAL 
CONGRESS 

The 37th British Institute of Radiology Annual Congress 
and Scientific Exhibition will be held at the Middlesex 
Hospital Medical School on April 26-27, 1979. Included in 
a programme of invited papers on diagnosis, therapy, 
radiological physics and nuclear medicine topics will be the 
Presidential Address by Mr. W. M. Ross entitled The 
Institute, yesterday and tomorraw, and the Silvanus Thomp- 
son Memorial Lecture by Professor G. E. Adams on Past, 
present and future of hypoxic cell sensitizers. 

Details and registration from The British Institute of 
Radiology, 32 Welbeck Street, London WIM 7PG, 


BritisH ASSOCIATION OF CLINICAL ANATOMISTS 

This new Association was founded in 1977 to strengthen 
the ties between medical/dental science anatomists and 
clinicians in all branches of medicine, and to promote the 
subject of clinical anatomy with respect to both teaching and 
research and to the evaluation of normal structure and 
function. The Association plans to hold two meetings a year, 
and the Summer Meeting for 1979 will be held at the 
University of Manchester on May 11; the deadline for 
abstracts will be March 3. 

Further details about membership and the meeting may 
be obtained from the Secretary, Professor R. M. H. 
McMinn, Royal College of Surgeons, 35-43 Lincoln’s Inn 
Fields, London WC2A 3PN. 


FUNDAMENTALS IN TECHNICAL PROGRESS IN 
ULTRASOUND, Dose PLANNING AND Data PROCESSING 
IN NUCLEAR MEDICINE 

An International Symposium to be held at the University 
of Liège (Sart-Tilman) on May 11-12, 1979. It will include 
invited papers by universities specialists and manufacture 
engineers, tending to present an approach of a concerted 
plan for developments in the near future. 

Further information from Dr. J. Garsou, Agrégé, 
Contrôle Physique Radiations, Radiothérapie, 59 Boulevard 
de la Constitution, B-4020 Liège. 


INTERNATIONAL SYMPOSIUM ON PERCUTANEOUS BIorsY 
AND THERAPEUTIC VASCULAR OCCLUSION 

To be held May 7-9, 1979 in Munich. Topics of biopsy: 
bone, lung, mediastinum, pancreas, kidney, liver, lymph- 
nodes, mammary gland. Topics of vascular occlusion: G.I. 
tract, lung, liver, kidney, cervicofacial, cerebromedullary, 
gynecologic, traumatic and pathologic bleeding. 

Application and information: Prof. Dr. H. Anacker, 
Institut für Réntgendiagnostik der Technischen Universi- 
tat, Klinikum r.d. I., Ismaningerstr. 22, D-8000 Miinchen 80, 


THirp EUROPEAN NUCLEAR MEDICINE Society MEETING 

This meeting will be held in Karlovy Vary, Czechoslovakia, 
May 15-18, 1979 and is organized by the Czechoslovak 
Society of Nuclear Medicine and Radiation Hygiene. 


167 


Var. 52, No. 614 


Forthcoming events and other notices 


‘The official languages will be English, French, German 
and Russian and simultaneous interpretation will be 
provided. 

Registration: Czechoslovak Medical Society, J. E. 
Purkyne, 3rd European Congress of Nuclear Medicine, 
Sokolská 21, 120 26 Praha 2, Czechoslovakia. 


MACKENZIE DAVIDSON MEMORIAL LECTURE 
To be given by Dr. G. B. Schofield, Medical Officer, 
British Nuclear Fuels Ltd, on Biological control in a 
plutonium production facility at The British Institute of 
Radiology, 32 Welbeck Street, London, W1 on Thursday, 
May 17, 1979. 


INTERNATIONAL SYMPOSIUM ON INTERVENTIONAL 
RADIOLOGY 

An EAR Symposium, organized by the Portuguese 
Society of Radiology and Nuclear Medicine, will be held 
May 30--June 2, 1979 in the Algarve, Portugal. 

Proposed sessions include vascular therapy; selective em- 
bolization and management; catheter implantation in 
chemotherapy and percutaneous treatments; ultrasonic 
guiding techniques and nuclear imaging as a guiding tech- 
nique for biopsy and fluid aspiration. 

For further information contact the Portuguese Society of 
Radiology and Nuclear Medicine, 123, 1.° Esq., Avenida 
Etias Garcia, Lisbon 1, Portugal. 


NUCLEAR CARDIOLOGY 
A workshop organized by the Nuclear Medicine Com- 
mittee of The British Institute of Radiology, to be held on 
June 20, 1979 at the Institute House. 
Further information contact the General Secretary, The 
British Institute of Radiology, 32 Welbeck Street, London 
WIM 7PG. 


IV European Congress or RADIOLOGY 

The IV European Congress of Radiology will take place 
i oe (German Federal Republic), September 4-8, 
1979, 

Scientific programme: 
diagnostic research of organs of the upper abdomen; 
diagnostic research in nuclear medicine: organs of the upper 
abdomen; 
radiotherapy in tumours of the genital system of males and 
females, 
radiobiology and X-ray protection (combined therapies and 
risks of ray exposure); 
radiophysics and techniques (methodical problems in diag- 
nostics and in planning of radiotherapy). 

Enquiries: Secretary of the IV European Congress of 
Radiology, Postfach 10 64 07, D-2000 Hamburg 1, 
Federal German Republic. 


QUANTITATION OF TUMOUR RESPONSE: A CRITICAL 
APPRAISAL 
The L.H. Gray Conference willbe heldin Cambridge, 
England, during the week of September 10-14, 1979. The 


topics of the meeting are intended to simulate a critical 
appraisal of the techniques that are currently in use both 
experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
in situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies. 
Factors of prognostic significance. 
In vitro assays of tumours excised after treatment in vivo. 
The choice of suitable experimental models in rodents. 
The role of human tumour xenografts. 
Statistical evaluation of tumour response data. 
‘The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in situ 
response, 

Further information from Dr. J. Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


Symposium on Diacnostic RADIOLOGY 

Sponsored by the Department of Radiology, University 
of Connecticut and the Faculty of Radiologists of Ireland a 
symposium to be held in Killarney, Ireland, September 
15-21, 1979, 

An international faculty of leaders in the field of radiology 
from the United States, Great Britain and Ireland will 
discuss recent advances, CT scanning and ultrasound of the 
major organ systems. 

Further details may be obtained from Dr. D. B. Crawford, 
Department of Radiology, University of Connecticut 
Health Center, Farmington, CT 06032, USA. 


XII Symposium NEURORADIOLOGICUM 

The XII Symposium Neuroradiologicum will be held in 
Washington, District of Columbia, October 10-16, 1982. 
The first Symposium was held in Antwerp, Belgium, in 1939 
and only once before has a Symposium Neuroradiclogicum 
been held in the United States (New York City, 1964). Dr. 
Giovanni Di Chiro of Bethesda, Maryland, has been 
chosen to be the President of the Symposium. Vice President 
is Dr. Hillier L. Baker of Rochester, Minnesota, and 
Secretary General is Dr. David O, Davis of Washington, 
D.C. 


SYMPOSIUM ON SPINE AND ITS CONTENTS 

E.A.R. “Symposium Vertebrologicum’’ (Spine and its 
Contents) will be held from April 23-25, 1980 in Prague, 
Czechoslovakia. 

The subjects of this symposium will be recent advances 
and experiences in the: 
(a) Equipments and investigative methods of spine and 

spinal cord, 

(b) Radioanatomy and physiology of spine and spinal cord. 
(c) Radiodiagnosis of pathological conditions. 
(d) Interventive (diapeutic) radiodiagnostic methods. 

For further information contact (not later than June 
1979): The secretariate of “Vertebro 1980’, P.O.B. 88, 
Sokolská 31, 120 26 Praha 2, Czechoslovakia. 
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Correspondence (continued) ; 


Two regimes with the same TDF but differing morbidity used in the treatment of stage III carcinoma 


of the cervix. 
K. Singh 
Computer assistance: an essential for adrenal imaging. 
I. D. Hay, M. L. Brown and H. W. Wahner 
The centigray as the SI unit of dose. 
W. Duncan and F. Law 
SI units in radiotherapy. 
T. F. Sandeman, R. M. Millar and J. D. Drummond 
X-ray visibility of the dark adapted eye. 
A. D. O'Connor 
Sensitivity of the eye to X rays, 
E. W. Emery 
Alterations in the manuscript of Röntgen’s publication “Ueber eine neue Art von Strahlen” (1895). 
N. Finby and E. Kraft 
The plight of radiologists in Russia. 
Proceedings of the British Institute of Radiology. 
High dose-rate afterloading gynaecological irradiation as an adjuvant to gynaecological surgery: 
an assessment of the cathetron (May 18, 1978). 
Forthcoming events and other notices. 


Book reviews 

Ultrasonography in obstetrics and gynaecology 
Mutagen-induced chromosome damage in man 

Technologist guide to mammography 

A guide to medical ultrasonics and acoustics 

Directory of cancer research information resources 

Radiologic exploration of impotence 

Encyclopaedia of medical radiology, vol 10, part 2a. Roentgen diagnosis of the heart and blood vessels 
Basic science of nuclear medicine 

Ultraschalldiagnostik (B-scan) in der inneren medizin 
Cross-sectional anatomy—an atlas for computerized tomography 


Clinical and Experimental Applications 
of Krypton 81m 


Edited by J. P. Lavender 


British Journal of Radiology, Special Report 15. 
This work is composed of papers presented at an International Meeting held in June 1977 concerned with 

a new physiological tool ; the use of a very short-lived radioactive gas krypton 81m. 

Krypton 81 m is a noble gas with a 13 second half life available from a portable generator with a half life of 
4% hours. Although known for a number of years it has only been used with any frequency by physiologists 
and clinicians since 1975. 

The first section of the book deals with the production of the parent isotope rubidium 81 and the design of 
generators. The second section comprises a series of papers concerned with the use of the equilibrium 
image as both a picture and a measure of regional lung ventilation and perfusion, It also outlines problems 
of deriving absolute values of lung function. in the third section, papers illustrate the use of krypton 81m 

as a clinical tool in the diagnosis of pulmonary embolic disease and other pulmonary diseases and compare 
such information with that obtained from the more familiar xenon 133. In the last section the use of 
intra-arterial krypton as a marker of regional myocardial and cerebral blood flow is discussed. This 
technique, which has been most highly developed in the case of the myocardium, allows detailed images of 
the myocardial perfusion to be recorded. Perhaps its clearest application is in following rapid changes of 
regional myocardial perfusion in response to transient ischaemia, stress and drugs. 

The discussion following each paper allows an assessment of the value and place of this new technique. 
ISBN 090574901 4 
ISSN 0306-2120 Price £12 
Orders to: 
Publications, The British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 
(01-935 6237) or through your bookseller. 
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Only the Diamentor-D 
measures total area exposure 


the Dept. of Health in its ‘Code of 
Practice for the protection of 
persons against ionizing radiations 
arising from medical and dental use’ 
1972, Section 3.5.8. 


The transparent ionisation 
chamber, available in two sizes to fit 
any make of X-ray tube fits easily 
onto the light beam diaphragm, and 
there is no disturbance either to the 
patient or radiologist. 


Radiographic and screening 
exposures are integrated and there 
is a continuous digital display of the 
reading. The Diamentor-D can also 
provide an audible indication of 
exposure rate and an accurate 
measurement of screening time. 


For more details contact your 
X-ray equipment supplier, or 
complete and return the coupon. 


Picture shown here by arrangement with 
GEC Medical Equipment Limited. 


ZF _Radiatron 
“A Components Ltd 








Diamentor-D fulfills the vital 
need for protecting the patient, 
radiologist and X-ray personnel 


against unnecessary exposure during Crown Road, Twickenham, Middx TW1 3ET. 
routine X-ray examination. The Telephone 01-891 1221 Telex 267807 
instrument measures the total useful eee ee ‘a 


output from a diagnostic X-ray tube Please send me full details of the 

















and, therefore, the area exposure to i Ditentor- D. 
the patient in R. cm2. Further, it 
provides teaching establishments j NAME 
with the ability to demonstrate 
quickly and visibly to their students l POSITION 
the importance of attaining the skills COMPANY 
of the practised radiologist and i mm oe 
radiographer in achieving minimum ADDRESS 
‘patient dose’. i 
The Diamentor-D meets fully the POST CODE 
requirements for training -5 4, i 
establishments, recommended by g ERON 
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diagnostic detail 
Instantly. 





Nothing saves time like Polaroid 
instant photography. 

You can have a fully developed 
picture for diagnosis from your CRT 
monitor in seconds. 

For sheer convenience, too, 
there’s no better way. You don’t need 
developing and printing equipment. 
You don’t need a darkroom or 
chemicals. You don’t even have to 
leave the patient. Everything is taken 
care of by the self-processing film. 

Part of our film's convenience is 
that you know instantly whether the 
picture you've taken is exactly right 
for your diagnostic needs. If not, you 














can retake it on-the-spot while the 
patient is still in place. 

Polaroid self-developing films 
have the sensitivity, resolution, 
exposure latitude and grey scale 
capability to deliver excellent 
diagnostic photographs. 


And one more thing —we offer 


you more than the speed, con- 
venience and quality of our films. 
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Our Technical Assistance is as close 


as your telephone. 


For more information fill in the 


coupon below or dial 100, ask for 
Freefone 2143 and speak to 
Ray Taylor. 


Cambridge, Mass. USA. Copyright Polaroid Corporation 1979. 
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z3 Polaroid (UK) Limited. Medical Products Sales. Ashley Road, St. Albans, Herts. ALI 5PR. BJ ri | 

l Telephone: St. Albans 59191. |) Please send me more information on Polaroid Instant Medical Films. | 

| Cl] Please arrange for a Technical Specialist to call. I 
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PRINCE HENRY'S HOSPITAL : ST. KILDA ROAD : MELBOURNE 3004 : AUSTRALIA 


invites applications from suitably qualified medical practitioners for appointment as : 


Diagnostic Radiologist 


Prince Henry's is a 409 bed hospital affiliated with Monash University ; it houses Professorial units in Medicine, 
Surgery and Psychological Medicine and is actively engaged in undergraduate and post-graduate training. 
The X-ray department is accredited by the Royal Australasian College of Radiologists for the training of 
specialists in Radiology. 

The department records approximately 38,000 patient-visits per annum, and performs a full range of diagnostic 
procedures appropriate to a general hospital for adults. A department of Nuclear Medicine is already 
established with its own Director. Ultrasonography and computerized tomography are about to be added. 

The full time staff at present consists of three qualified radiologists and four trainees. 


The person appointed will be expected to participate in all the routine work of the department and to share in the 
performance of angiography and other special procedures. The appointee will also share in the teaching activities 
and clinico-radiological conferences. 

Applications will be considered from radiologists with the M.R.A.C.R., F.R.C.R. or American Boards. Several years of 
post-qualification experience will be an advantage but a recently qualified specialist with a good academic record 
willbe considered. 

Salary and associated conditions of service are as prescribed by the Hospital Senior Medical Officers Board and/or 
its successor, the Hospitals Remuneration Tribunal. Current weekly salary is within the range of $4490.20 to 
$4679.20 according to years of experience. Plus 10% on call allowance. 


Applications on the prescribed form close with the undersigned on 30th April, 1979, and further details, if required, 
ate available from the Director of Medical Services, (Dr. L. N. Walsh). 

(Note: Dr. Harold Fabrikant, Deputy Director of Radiology at Prince Henry's Hospital, is currently working in the 
National Hospital, Queen Square, London, and is contactable at that hospital). 


W. A. Cross--Manager 


NORTHERN TERRITORY DEPARTMENT OF HEALTH 
ALICE SPRINGS HOSPITAL 


Specialist (Radiology) 
$A24,762-33,698 


Applications are invited for the position of Specialist (Radiology) at Alice Springs Hospital which becomes vacant 
from 19th March, 1979, 
Duties of the position include performing professional works of a specialised nature in relation to radiology. 
Qualifications required are a medical degree registrable in the Northern Territory and Post-Graduate Qualifications 
in Radiology. 
Alice Springsis a growing centre with a population of approximately 14,000, with all the facilities of comparable 
towns elsewhere in Australia ; Regular air services and rail and road connections. 
Anew 228 bed hospital complex with all modern facilities was opened in January 1977, although at present some of 
these beds are not operative. This is a base hospital serving the needs of the population of both Alice Springs 
township arid surrounding areas, a total of approximately 25,00 people. 
Conditions of service : 
Allowances: District allowance of $A620 married or $A320 single is payable. 

A taxation concession of $A216 p.a. plus one quarter of deductions for dependants may be allowable. 


Leave: Recreation leave of 24 working days is granted annually. Accumulative sick leave provisions apply. 

Fares and 

Expenses Economy class airfares and reasonable removal expenses are paid for the appointee and eligible 
dependants. 


in other cases economy class airfares are paid, in conjunction with recreation leave, each two years to 
Australian capital cities including Canberra. 

Accommodation : Housing arrangements can be made. Applicants should state their requirements. 

Specialists appointed to Alice Springs Hospital have rights to limited private practice. 


Applications stating {ull details of qualifications and experience should be forwarded by April 18th to: 
Australian High Commission 

Canberra House, 

40-16 Maltravers Street, 

London, WC2R 3EH. 

UK. 





There’s far more 


You'll know them for their X-ray products. 


Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry—even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to heweeen used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs—all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 


ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 
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BDH Pharmaceuticals Lid, Lenten House, Lenten Street, Alton, Hampshire GU34 1] D. Telephone Alton (0420) 88767. Telex 858435. 
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AGFA-GEVAERT 


Contrast, definition, brilliance- 
in a word, CURIX 





Enquiries have proved 
that most radiologists 
working with Curix RP1 film 
prefer the material because 
of its outstanding qualities. 

in making their choice, 
low fog level, contrast, 
image sharpness and 
sensitivity were of prime 
importance. In a word, they 


required “quality”. Curix 
offers that quality. 

The film combines all 
the desired properties which 
give the radiologist more 
detailed information onwhich 


to base a safe, sure diagnosis. 


It's easy to see why Curix 
is our biggest selling X-Ray 
film. 


Isn't it time you proved 
the brilliance of Curix RP1. 


Further information from: 
Agfa-Gevaert Ltd., 

Medical X-Ray Sales Dept., 

27 Great West Road, Brentford, 
Middlesex TW8 SAX. 

Tel: 01-560 2131 
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Head Office 
change 


of address. 





E O. Monday, 

"5th March 1979, our 
== Head Office moved 
to new ro: peme meaa and is now operating at 
the following address: 


“Kelvin House? 63/75 Glenthorne Road, 
Hammersmith, London W6. Tel: 01-741 1666. 


It is anticipated that these new head- 
quarters will provide the additional facilities 
required to cope with our increased business 
and the considerable extension of our range 
of medical equipment during 
recent years. ~ 4 |g En ù 

Hammersmith : |: Pe T 
has beenselectedas |} ™:; 
providing very posi- - me É 
tiveadvantagesfor _ Waa =a 
the new Head Office. “2 == — 5 s 


The area has many 
benefits consistent with our operational 
needs to ensure direct links with our 
customers and suppliers and to provide 
efficient and effective support to the 
commercial and technical activities of our 
many branch offices in the U.K. 
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Give your rep a few minutes of your time. 

And he'll help you expose a set of high definition extremity radiographs 
(like the one reproduced here) processed in your department in 90 seconds. 

Give him a little longer and he'll demonstrate for you high information 
radiographs ofall types. Ask him to tell you about any of these Kodak products for 
the radiographer. 

Kodak ‘Lanex Regular Screens. This high speed rare earth system is 
exclusive to Kodak. 

Kodak Ortho G Film. Colour sensitivity is matched to the ‘Lanex 
screens for opumum contrast, high information content and low dosages. 
Kodak‘X-Omatie Cassettes.Specially designed to expelaironclosing, 
and provide excellent film/screen contact. 

Kodak ‘X-Omatic’ Identification Camera, Model X-I-L. Allows the 
radiographer to record patient data on the radiograph at the point of exposure. 

Kodak ‘Min-R’ Screen and Film. The fast, high definition film/screen 
combination for mammography, using rare earth phosphors. 

Kodak RP‘X-Omat Processor, Model M6A-W. Our fastest automatic 
processor, delivering roll and sheet film at about 167 cm per minute. 

Whenever you need information, speak to your Kodak representative. 
You'll find he’s got all the facts at his fingertips. 


Kodak We care about your image 


Raaak Lanes, A-Omatic, X-Omat, Alin-R are trade marks. 
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NEURORADIOLOGY ‘79 
September 22-28, 1979 
8th International and National Meeting of Neuroradiology 


Brazilian Society of Neuroradiology 


Dates: Belo Horizonte, 22-25 
Rio de Janeiro, 26-28 


Topics: Computed Tomography (CT), Recent Progress; Embolization; General subjects on neuro- 
radiology, Pediatric Neuroradiology; Refresher course. 


Abstracts: Due by June 1979; 200-word summary, 2 copies. 


For further information: Neuroradiology ‘79 
Department of Diagnostic Radiology 
Hospital de Ipanema — INAMPS 
CP 70067 
20 000 Rio de Janeiro, RJ, Brazil 
Tel: (021) 246-9402 


Radiation Oncologist 


Applications are invited for the post of Radiation Oncologist at the Ontario Cancer Foundation Kingston 
Clinic and the Department of Radiation Oncology of Queen’s University at Kingston. 


: 


The new cancer clinic, which serves a population of 325,000 people in Eastern Ontario, occupies some 
30,000 square feét of space and contains facilities for ambulatory patient care, radiation therapy (including 
both a 20 MeV linear accelerator and cobalt 60 beam therapy), teaching and research. Other support 
services include an independent medical records department, a treatment planning simulator, an A.E.C.L. 
TP-11 computer dedicated to treatment planning, a mould room, and an instrument shop. The research 
facility comprises about 1500 square feet of space for applied research in tumour biology and immunology. 
Appointments to the medical staff of the Clinic are made jointly by the Ontario Cancer Foundation and by 
Queen's University, A fully integrated undergraduate and graduate teaching programme has been 
developed and is being successfully maintained. 


Further details regarding the appointment will be supplied on request. Applications with curriculum vitae 
and the names of three referees should be submitted to: Dr. Stewart Lott, Director, The Ontario Cancer 
Treatment and Research Foundation Kingston Clinic (Professor and Head, Department of Radiation 
Oncology, Queen's University), Kingston, Ontario, Canada K7L 2V7. 














40 years of 
experience and 
expert 
knowledge 

can be made 
yours 

very easily 


Oldeltt 


Oldelft England Ltd 
16 Barclay Road, Croydon CRO 1JN 
Tel. (01) 681 1171, telex 946154 
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Radiodiagnosis 

Odelca x-ray cameras 

100mm System for spotfilm 
photography 

Deltorax chest film changer 
Odelscope image intensifier for 
fluoroscopy 


Ultrasound 

Real time linear phased array systems 
Cardiac phased array sector scanners 
General purpose gray-scale 
compound scanners 
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Head Office: Holland, Oldelft Deltronix bv, Den Haag 
Fruitweg 9, Tel. (070) 88 89 63 

België/Belgique 2100 Deurne, Twee Gezustersiaan 34 
Tel. (031) 24 93 05. 
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Nuclear medicine 

Gamma cameras with complete range 
of accessories (e.g. multi-imager, 
whole body scanning bed) 


Radiotherapy 
4 and 15 MeV linear accelerators 
Cobalt units 


Deutschland D 6300 Giessen Lahn. Postfach 5420 
Tel. (0641) 4 10 49 

España Madrid 16. Uruguay 13 Tel. (01) 259 1698 
France 91403 Orsay, B.P. 86, Tel. (01) 907 5900. 


Italia 00146 Roma Via della Vasca Navale 84. Tel. (06) 55 84 311 
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The completest range of ultrasound 
equipment: gray-scale scanners, 
motorized arc scanners, linear phased 
array real time scanners, sector phased 
array real time scanners, M-mode 
monitors and all accessories for 
recording data on line-scans or video 
systems. 

This Toshiba ultrasound equipment is 
characterized by unrivalled image 
definition, simplicity of operation and 
professional design. 

It is sold and serviced by Oldelft 
throughout Europe 


Radiotherapy planning 
Simulix-Y simulator with Simtomix 
accessory for analog whole body 
tomography 


Pulmonary function testing ~ 
Computerized equipment for the 
pulmonary lab 

Automated procedures in spirometry, 
flow/volume loop analysis and 
exercise testing 


Sverige 17206 Sundbyberg 6 Postbox 670. Tel. (08) 98 38 95 
Schweiz 8618 Oetwill am See Zeiglistrasse 5. Tel. (01) 92 91 318 
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When reliability 


counts 


You can count on 
Radioisotope Calibrators 
| from Capintec 


— The Capintec range adds a new dimension to 


Radioisotope Calibration. 


The CRC-30 is a complete system and features 

include:— 

@ Fully detailed patient dose print-out. 

@ Built in Radiochemical purity analyser for 
high quality imaging. 

® Computes and prints post-calibrated 
volumes. 


© Computes and records target to non-target 
ratio. 


| @ Reduces operator radiation exposure. 


- Matrix instruments 
- Veenstra insirumenten b.v 








“WANTED—Diagnostic Radiologist | 


required to join atwo man group presently 
serving a 213 bed Acute General Treatment 
Hospital, performing 46,000 examinations 
annually. A Locum would be considered. 
Please direct enquiries, with curriculum vitae, 
to Dr. H. J. Flood, Director, Department of 
Radiology, St. Joseph's Hospital, Bayard 
Drive, Saint John, New Brunswick, Canada, 
E2L 3L6, telephone (506) 652-2620”, 








Diagnostic Radiologist 


| Large hospital and office practice. Ultra Sound, 
Nuclear Medicine & C.A.T. desirable. 


Applicant must obtain L.M.C.C. and Canadian 
Radiology Fellowship within two years. 





| Send Curriculum Vitae to Murray C. Caplan, M.D. 
c/o Radiology Consultants Associated | 
803 Lake Placid Drive, S.E. 
Calgary, Alberta, Canada 
T2J 489 








Acton Technical College 
Radiography Education 
Committee 
present a 


General Course 
in Ultrasound 


A ten-week course involving physics, relative 
anatomy, photography and techniques of ultra- 
sound. 





The course is designed for those who need a 
background knowledge of ultrasound. 


Starts Wednesday 7th March 1979 6.30- 
8.30 p.m. Fee £20 payable to the London Borough 
of Ealing. 


M.inst.P., Course Supervisor, Department 
of Science and Computing, Acton Tech- 
nical College, High Street, London W3 6RD. | 
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Further details from M. Grimshaw, Esq. | 
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CONRAY 
Let us put you fully in the picture | 
about the Conray’range of contrast media | 


Angio-cardiography: 
Cardio ~ ‘Conray’: 
’‘Conray 420°: 
‘Conray 280° 













Cerebral angiography: 
‘Conray 280° 


























Abdominal-aortography: Splenography and 


‘Conray 280’: portal venography: 
‘Conray 420’: ‘Conray 280’: 
‘Conray 325’: ‘Conray 420’: 


Cardio ~ ‘Conray’ ‘Conray 325° 















Gastroenterography: 
Gastro ~ ‘Conray’ 


Retrograde pyelography: 
Retro ~ ‘Conray’ 



















Retrograde cystography: Intravenous urography: 


‘Conray 280": ‘Conray 325’: 
‘Conray 420’ ‘Conray 420°: 
(suitably diluted) ‘Conray 280° 













Peripheral arteriography: 
‘Conray 280° 


Venography: 
‘Conray 280°: 
‘Conray 420: 
‘Conray 325° 







Conray Contrast Media 


(Meglumine and sodium iothalamate) 


No matter what your particular our Medical Information Department 
requirements may be, there is almost (01-592 3060) 

certainly a presentation suitable. if you Full information supplied on request 

are in any doubt whatever, contact your ‘Conray’ is a trade mark of Mallinckrodt Inc. 
May & Baker representative or telephone May & Baker Ltd Dagenham Essex RM10 7XS 


A member of the Rndre-Pouienc 
Group of Companies MATT 
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Australian Department of Veterans’ Affairs 


Queensland 
Specialist (Radiology) 


Repatriation General Hospital 
Greenslopes 


Applications are invited from 
Medical Practitioners who 
possess relevant postgraduate 
qualifications and are eligible 
for registration as a Specialist in 
Queensland. 


The successful applicant will be 
employed in the Department of 
Radiology at the Repatriation 
General Hospital, Greenslopes. 
Greenslopes is a 460 bed 
teaching hospital within the 
University of Queensland with 
full-time Readers and Senior 
Lecturers in Medicine and 
Surgery. 


Participation in undergraduate 
and postgraduate training 
programmes is expected and 
opportunity will be provided for 
the occupant of the position to 
undertake medical research 
projects. Training in ultrasound 
diagnosis will be provided and 
active participation in this work 
will be expected. 


The hospital is accredited for 
two out of the three years of 
training. 


> 
AŅA TRP 


Salary : $A24762—33698 per 
annum (present exchange rate 
£1=$A1.69). 


The right of limited private 
practice is presently under 
negotiation. 


Initially, employment will be for 
a period of up to three years 
although an extension may be 
negotiated. Four weeks’ annual 
leave and generous sick leave 
are provided. Fares to Brisbane 
for the appointee and family 
may be paid and assistance 
may be provided for the 
removal of furniture and effects. 


Enquiries should be directed to 
the Director (Medical 
Services), Brisbane, telephone 
225 2203. 


Applications including details 
of qualifications and experience 
should be forwarded to the 
Deputy Commissioner, 
Department of Veterans’ 
Affairs, Box 651 G.P.O. 
Brisbane, Queensland 4001. 
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Cannan! BALD ET AEDE. 


economy 


Created specifically to meet current 
demands for an economical but 
versatile universal diagnostic 
system, the DIAGNOST 54 offers a 
90/15° tilting table together with 
many refinements generally 
associated with only the most 
sophisticated equipment: 


* integrated image intensifier system for 
optimum geometry 

æ% full counterbalancing, with no cumber- 
some ceiling suspension 

ə% universal serial changer program 
providing all subdivisions for gall bladder, 
oesophagus and arthrography 

ək Anatomically Programmed Radiography 
for selecting your chosen exposure 
parameters at the touch of a button 

X automatic beam collimation to the 
cassette format in use 

The five-star DIAGNOST 54: only its price 

is economy class. 





a For detailed information an the new Philine DIAGNOST 5A write ta: Philine Madina! Quetame Nivieinn Cindhauan tha alathacdancda 
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L eÈ FELLOW IN RADIOLOGY 
| Applications are invited for the position of 


foe f 3 Fellow in Radiology at the Sydney Square 
pocket Diagnostic Breast Clinic, a new and rapidly 
-d d * t expanding centre established by the Tyree 

| osime ers Foundation specifically for the diagnosis of 
breast disorders. 
Qualifications—to include F.F.R. or equivalent. 


Experience in mammography and 
ultrasonography essential. 


on the sp ot Duties to include routine half work time on 
detection and mammography and ultrasonography. 
‘measurement of Research opportunities are based on the Clinic’s 
eects map unique facilities incorporating the most 
gamma radiation technologically advanced equipment. Itis 
expected that the successful applicant will 
ACCURATE proceed towards a higher degree. 


ROBUST The initial appointment will be for a three year 
p RELIABLE period with a review after the first year. 


Salary depending upon qualifications and 
experience will be based on the Staff Specialist 
award in the range $A26,000 to $A33,000. 


R:A:Stephen Applications should be forwarded to the 


nee Medical Director, Sydney Square Diagnostic 
AN COMPANY. SINE TED Breast Clinic, 2nd Floor, St. Andrew's House, 
Miles Road Mitcham CR4 3YP Tel 01-648 1668/9 Sydney Square, Sydney, 2000 Australia. 


“we serve the world through our agents 
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DOUBLE-SIDED APRON 


Shoulder fastening, with push-in-clip 
(OR if “Velcro” is preferred please state 


© on order) 


Fig.4625A 0.25mm Le. 33in.long (84cm) 
Fig.4625B 0.25mm Le. 36in.long (91cm) 
Fig 4625C 0.25mm Le. 39in.long (99cm) 
Fig.4654A 0.35mm |e. 33in.fong (84cm) 
Fig.4654B 0.35mm le. 36in.long (91cm) 
Fig.4654C 0.35mm Le. 39in.long (99cm) 
Fig.4654D 035mm le. 42in.long {107cm} 
Fig.3853A 0.50mm Le. 33in.long (84cm) 
Fig.3853B 0.50mm le. 36in.long (9tem) 
Fig.3853C 050mm Le. 39in.long (99cm) 
Fig.3853D 0.50mm Le. 42in.long (107cm) 


Toggle side fastenings fitted as standard. 


Swivel-clip “Dog-Lead” or ’’Velcro” side 
fastenings supplied if required at extra cost. 


Foam padded shoulders. 


Choice of washable PVC colour finishes :-— 
royal blue, green, white, red, yellow—for the 
S.M.F.L. type: 


Standard size is 24in. (61cm) wide. Ladies slim 
fitting 21in. (53cm) also available. 


W. S. ROTHBAND & CO. LTD 21 Elizabeth Street 


Telephone 061-834 1303 Manchester M8 8WT, England 
Established 1860 
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TEM proudly present their new 
Ximatron Treatment Planning Simulator 





Important Features 


Digital Readouts on all movements. 
Data output for computer interface. 


Interface can be provided to suit customers requirements. 


Variable Speed Movements. 


Variable focus-to-axis distance from 80 cm to 120 cm or 
from 60 cm to 100 cm. 


Automatic locking positions for 3 focus-to-axis distances 
with automatic change of field size at these distances. 


Movement of the image intensifier axially over 40 cm both 
longitudinally and laterally + 19 cm. 


Four independent collimator blades allow asymetrical X-ray 
fields, reducing scattered radiation and improving 
image quality. 


Maximum field size of 50 cm x 50 cm at 100 cm focus axis 
distance. 


Motor drive for all unit movements (except Table Top Rotation). 
lsocentric Table with split spine table top. 

Remote and local control. 

Optical front pointer and distance indicator. 


Wide angle X-ray tube with concentric focal spots also available. 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 


[M] Telex: 87397, Grams: TESTMENT CRAWLEY 
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U.I. OCTOSON 


A NEW STANDARD IN 
ULTRASOUND B-SCANNING 


NORMAL UPPER ABDOMEN 
90084. 21.9.77. M.1. Y@2i SF2.5 19BB É 90084. 21.9.77. M.i. Yi61 SF2.5 2iDB 
a 


Body of stomach Distal body 


of stomach 


90084. 21.9.77. M.1. Y201 SF2.5 20DB _ JACKSON 7429+77 X061 SF2.5 07DB 
Pylorus Hepatic Portal vein 


Gall 
bladder 


Sagittal section 


Further details from: 


D IAG N OSTI K x O NAR LTD E i Estate, 


Livingston EH54 5DE. 


“We Specialise in Ultrasonics” Tel: 0589 35165/6 
Telex: 72591 DSONAR 
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GET MOBILE IN '79 


Our range is wide, prices are reasonable 
performance outstanding and delivery is good: 














TR 100kV/70mA TR 100kV/30mA 








m a 
— We. 


TR 125kV/40mA (fully rectified) 


Whatever your mobile problem TONU FESPARDH LTD 


contact us today for the answer: J" CHELMSFORD CMI 3DP 
I STO TEL. (0245) 62233/7 TELEX 99327 





Condenser discharge units up to 6(00mAp 
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A safe easily movable after- 
loader for intracavity therapy 





Above: 
Transit Container L.4 


Below : 
Delouche Pattern Applicator 





i 

The Curietron is a versatile radioactive source after- 

loader designed for gynaecological intracavity therapy, 
eliminating radiation hazards to staff. 

The size and weight of the Curietron are such that it 

can be easily moved by the operator. Remote control 

CURIETRON ejection and withdrawal of Caesium 137 sources is 

achieved through flexible tubes to the vaginal applicator 


from and/or uterine probe with a control panel which indicates 
the positioning and the effective irradiation time. 





Full details and specifications from 


CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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A new Gastro-camera with biopsy fi 








All carry a full one-year guarantee 
and are backed by a 25-strong 
team of highly trained technicians, 
in turn backed by a stock of repair 
parts worth £160,000, all within an 
£180,000 fully air-conditioned, de- 
humidified and air-filtered repair 
laboratory. 


KEY¥MED 


Manufacturers of Specialised Medical Instruments 
and exclusive distributors in the United Kingdom of 


OLYMPUS 


Fiberoptic Endoscopes 


USCI Positrol 11 


A range of disposable 
cardiovascular catheters 
for all procedures. 


The USCI Positrol Il range includes over 50 different 

combinations of catheter styles and sizes. All are 

superb examples of high-precision engineering, with 

the following built-in features: exclusive super-smooth 

high gloss finish to reduce vessel trauma; large lumen 

with excellent flow rate; exclusive, strong metal luer lock 

fitting to ensure safe, easy connection and above-standard 

pressure tolerance of 1000 p.s.i.; plus wire reinforced polyurethane 

shaft for efficient torque control. With patient safety in mind, they 

have excellent tip curve memory and radiopacity. They are also sterile 
packed in trays for tip curve protection, ready for immediate, once-only use. 
The Positrol ll range and other USCI cardiovascular catheters are available from 
Downs, so send the coupon now for full details. 


=f) To Downs Surgical Limited, Church Path, Mitcham, Surrey CR4 3UE, and. Tel: 01-648 6291 
Please send me furtt Z 

Positrol || Catheters O Other USCI Cardiovascular Catheters O 

Name 


Address 





SKY 


X-RAY PROTECTION ` 


There's no substitute for 
professional expertise! 


Wardray offer a most comprehensive selection of products for 
the X-Ray Department, principally manufactured by our own 
staff and specialist suppliers whose production standards are 
strictly controlled. | 


Doors, Panelling, Windows and Screens constructed to suit 
your exact requirements plus a wide range of Aprons, Shields 
and Flexible Sheeting. 


Filmilluminators Darkroom furniture | 
Singie and Multipie Models for Wail and equipment i 


Mounting, Desks anc Sorting Benches. i 
Pius the benefit of WARDRAY expertise 


hCassette hatches in Dark Room Design. : 
and chests ..and sundries 


Well known for their exceptional reliability including WARDRAY GRIDS, CASSETTES 
and COLOCODE labels for Film Filing 
THE X RAY 


hæ] WARDRA PROTECTION EXPERTS 


WARDRAY PRODUCTS (CLERKENWELL) LTD. 
15/19 BAKERS ROW, LONDON EC1R 3DT. 01-837 2666/8 











*6 Digit Liquid Crystal Display 
*Simple Push-Button Operation 
*Accurate Elapsed Time Measurement 
Ranges 0-999.999 seconds 
0-9999.99 seconds 
*Pocket-sized, Battery Operated 
(Battery lifetime over 200 hours 


continuous use) 


The new 2546 Laboratory Timer.has 
been designed for use with the 2502/3 
Farmer Dosemeter, 2500/3 lonex Dose/ 
Doserate Meter and 2560.N.P.L. Therapy 
Level X-ray Exposure Meter. It provides 
accurate measurements of elapsed time 


and incorporates two ranges of 999.999 a 
seconds and 9999.99 seconds. These are NUCLEAR 
displayed digitally on a liquid crystal, ENTERPRISES [emt] 


7-segment element display. 

The 2546 conveniently replaces hand- LIVITED 
held stop watches, laboratory clocks etc. Bath Road, Beenham, Reading RG7 SPR England Tel 0735212421 
Full details on request. Telex 848475 Cables Devisotope Woolhampton. 


Associate Companies Nuclear Enterprises GmbH, Munich 
NE Nuclear Enterprises S.A. Geneva Nuclear Enterprises inc San Carlos, California 





SIEMENS 


Computed Tomography with 
unique performance and 
universal use. 


Based on their experience in 
X-ray engineering and 
electronics, SIEMENS have 
developed the universal 
answer for today’s needs in 
computerised tomography. 
The SOMATOM combines 
the advantages of specialised 
head and body units with 
unique performance data. 









Two years of clinical 
experience at a large number 
of installations 
have proven the 
superiority of the 
SOMATOM 
design and its 
reliability in 
day-to-day 
routine operation. 





In the world of Computed Tomography 
Siemens has the answer. 





Body Imaging 

Flat dual conveyor table. Auto slice location 
with TOPOGRAM facility. True air-scan 
with large high-resolution SECTORSCAN. 
Excellent all-round patient access. 


Performance 


Rotate only fan-beam geometry. Shortest 
scan time 2.5 sec. Instantaneous image 
reconstruction. Pulsed radiation for minimum 
patient exposure. High-efficiency solid- 
state DUAL-SCINTILLARC detector 
system. 


Image Evaluation 


Easy-to-use diagnostic aids contained in 
operators console. Remote diagnostic 
viewing centre EVALUSKOP with over 40 
sophisticated routines. 


Single-frame or multi-format camera system. 





Head Imaging 


Standard tilting gantry for direct coronal slices. 

Accurate light beam localisation. Sagittal and 

coronal reconstruction programmes. Excellent 

density and spatial resolution. Selectable 
convolution filters. 





Clinical Operation 


Push button selection of exposure 
parameters. Variable slice thickness. Fast 
scan sequences—20 slices in under 

4 minutes. Simple start-up and calibration 
procedures. 


Radiotherapy Planning 


Integrated mini-computer and display 
system EVADOS for rapid optimisation of 
treatment plans, either from conventional 
contour drawings or CT images. Based on 
well-proven SIDOS-U system. 


For further information and samples of 
clinical images please contact: 
Siemens Limited, Siemens House, 
Windmill Road, Sunbury-on-Thames, 
Middlesex TW16 7HS. 

Telephone Sunbury (09327) 85691 


The Theratron 780. 
The power of simplicity. 


The Theratron 780 Cobalt 60 unit from AECL is a direct 
reflection of progress. It is the culmination of a quarter century 
design and manufacturing expertise and proven 
performance in the field. Sturdily constructed with low maintenance 
requirements, Theratron 780 represents a highly reliable, 
trouble-free and economic concept of teletherapy treatment. Featuring 
ease of operation, it maximizes patient throughput while 
minimizing stress upon hospital personnel. The Theratron 780. 
Discover the power of simplicity. For complete 

information, contact AECL. 


, Atomic Energy 
‘© of Canada Limited 
Commercial Products 


P.O. Box 6300, Ottawa. Canada K2A 3W3. Tel (613) 592-2790. Cable Nemota. Telex: 053-4162 
in Australia: P.O. Box Crow's Nest. North Sydney 2065 NSW 
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gave us a stiff specification 


General Electric Company of America* came to 
Fothergill & Harvey for a body scanner patient support 
which would deflect by no more than 1⁄2” over a 60” length 
when carrying a 300 lb person. Naturally the top had also to 
be X-ray transparent. We made the top of Carbon Fibre. 
And it easily exceeded GE's specification. 





That’s because Fothergill has an expertise in carbon 
fibre which is probably unique in Europe. Moreover, the 
company has immense experience specific to radiological 
applications. 

Apart from patient supports for a wide range of 
equipment, Fothergill & Harvey has perfected compression 
plates whose rigidity, wear resistance, lightness and 
low-X-ray absorption properties represent very real 
progress. 

If you would like to know more about Carbon Fibre 


for all types of medical X-ray components, write to 
Fothergill & Harvey Ltd. at the address below. 


SB | Fothergill & Harvey Ltd 


Composites Division 
Summit, Littleborough, Lancs OL15 9QP. 
Tel: Littleborough 78831. Telex: 63262. 


*Not connected with British company with similar namie, 











polyfoam. 


unique padding permits passage of 
X-rays without showing on the plate 









ANSAFO 
SERVICE 


operates 5, 
ap SPm- 
omdat weekende 















A typical example of the use of 
Polyfoam is the provision of a 
warm and comfortble cover 
for an X-ray couch, thus 
saving patients from having 

to endure a hard, cold surface 
when being X-rayed. 





For further information write or 





telephone. 
HINDERS-LESLIES LIMITED progress 
Higham Hill Road- London- E17 6EJ through 
research 


Telephone: 01-531 7172 (10 lines) plus Ansafone 


tte, 


ENF Member of the SMITH & NEPHEW Group of Companies 








SONARSTAT 
ULTRASONIC COUPLANT 





SONARSTAT is a new Medical Ultrasonic Couplant featuring a unique 
glycerol/glycol base designed to optimize both ultrasonic energy 


transfer and acoustic impedance. 
SONARSTAT will improve the quality of your medical ultrasonics 


while providing patient protection. 

Available in 12 oz. dispensers and gallons, SONARSTAT is less 
expensive than the thickened water gels offered by competitors. 
Request our FREE SAMPLE 12 OZ. DISPENSER along with complete 
technical data and pricing. 


D IAG N O SH C S O NA R LTD ote ha id Estate, 


r r Livingston EH54 5DE. 
The Couplant People | Tel. 0589 36165/6 


Made under licence from Echo Laboritories, Pennsylvania, USA. 





Our Afterloading Systems 
put brachytherapy right on target 


With the addition of our new caesium-137 gynaecological afterloading 
system, we now supply a comprehensive range of products for 
intracavitary and interstitial radiotherapy. 


Intracavitary radiotherapy 


Our caesium-137 “Manchester” 
afterloading system consists of X-Ray 
opaque PVC applicators which allow the 
“washer” “spacer” or “tandem” techniques 
to be used, The guide tubes are flexible 
and have a diameter of only 6.3mm 
overall. Complete kits are supplied sterilized 
in packaging designed for maximum 
convenience in use. 


Active bead 


Stainiess stee! 


im 


Cylindrical 


source 


retaining spring 





The sources contain glass beads in welded 
stainless steel capsules assembled into 
flexible source trains for which special 
shielded containers are supplied. lso-dose 
curves are available for each source train, 
Individual sources and source trains are 
also supplied for most of the currently 
available remote afterloading systems. 


aN 
source 
Plastic ovoid 


| 


Manchester 


“washer” technique | 
h 


Interstitial radiotherapy 


Our iridium-192 flexible wire 
afterloading systems include complete 
sets of applicators and accessories for the 
Pierquin/Paine technique. All accessories 
for these systems are pre-packed ready 
for use and sterilized where necessary. 
Platinum clad iridium-192 wire in 500mm 
lengths is readily available in activities up 
to approximately 0.3 mCi/mm providing 
exposure rates of up to 0.16 mR per hour 
at ] metre. 


wv 
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The Radiochemical Centre 
Amersham 


lridium-192 “hairpins” and single pins: 
Thicker platinum coated iridium-192 

wire is supplied pre-shaped 
as “hairpins” and single 

pins for use with slotted 
guide needles which are 
made in stainless steel to 
the designs of Pierquin and 
Paine. 





Full information is available on request. 


The Radiochemical Centre Limited, Amersham, England, Telephone: 024-04-4444 
in the Americas: Amersham Corporation, Illinois 60005. Telephone: 312-593-6300 
in W. Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Telephone: 05307-4691 
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Research & development 


lé; 
GUERBET 
Better contrast media through research 
Laboratoire GUERBET 


16-24, rue Jean Chaptal - 93609 Aulnay-sous-Bois - Cedex FRANCE 
Tél. :929.78.37 - Télex : 212382 F. 


1979, British Journal of Radiology, 52, 169-172 
VOLUME 52 NUMBER 615 


MARCH 1979 


The British Journal of Radiology 





loxaglate, a new low osmolar contrast medium used in femoral 


angiography 
By M. Holm, M.D. and J. Preestholm, M.D. 


Radiological Department 1, Bispebjerg Hospital, 2400 Copenhagen NV, Denmark. 


(Received September, 1978) 


ABSTRACT 

loxaglate, a new monoacid, dimeric contrast medium was 
compared with diatrizoate (Urografin 60%) in a series of 61 
femoral angiographies. In a double blind group of 34 
examinations all patients preferred ioxaglate which caused 
slight pain in only five cases, whereas after diatrizoate 14 
patients felt severe pain (six were unable to keep their legs 
still) and 12 felt slight pain. Increase in heart rate and 
decrease in systolic and diastolic arterial blood pressure was 
seen after both contrast medium injections, but significantly 
less after ioxaglate than after diatrizoate. 


A well known drawback of femoral angiography in 
arteriosclerotic patients is the pain caused by the 
injected contrast medium, sometimes provoking in- 
voluntary movements of the legs with resulting 
blurring of the films. 

The pain is in part due to the hyperosmolarity of 
the commonly used contrast media (diatrizoate, 
metrizoate, iothalamate, ioxithalamate and others), 
and efforts have been made to develop contrast 
media with reduced osmotic activity. A dimeric and 
thereby less hypertonic contrast medium was used 
by Bjérk et al., (1969) in a series of angiographies 
with significantly reduced subjective adverse effects 
compared to diatrizoate and metrizoate. The even 


A 


COOH 


HO-( CH3 ) 2 -NH-OC NH-CO-CH, ~NH-OC 


less hypertonic, non-ionic medium metrizamide 
used by Almén et al., (1977) gave excellent results 
producing no pain in femoral angiography in 20 
patients. 

Ioxaglate is a new dimeric contrast medium in 
which one of the acid groups has been replaced by a 
non dissociable amide (Fig. 1). In solution ioxaglate 
is therefore of low osmolarity. In the present in- 
vestigation we studied the effects of ioxaglate used in 
femoral angiography compared with those of 
diatrizoate. 


MATERIAL AND METHODS 

From September 1977 to March 1978 a total of 
61 consecutive femoral angiographies were per- 
formed by the Seldinger technique in 52 patients 
(Table I). In all angiographies at least two injections 
of contrast medium were given with the patient and 
catheter remaining in the same position. In one 
injection we gave ioxaglate, in the other diatrizoate 
(Urografin), the contrast medium generally used for 
angiography in our department. This enabled us to 
compare the reactions to both media in each patient. 


Fic. 1. 


Official name: 
Experimental or trade name: 
Todine content 


Osmolality, mol/kg water in solutions with 280 and 380 mg I/ml: 


Number of iodine atoms/number of particles in solution: 
Ratio meglumine/sodium salt: 


B 
3 
-CO-CH, COOH 
f] J | 
CO-NH-CH, CH,-CO-HN NH-CO-CH,, 
| 
A B 
IOXAGLATE DIATRIZOATE 
A.G. 62-27 Urografin 60%, 
320 mg/ml 295 mg/ml 
0.49 and 0.66 1.44 and 1.96 
6/2 3/2 
2/1 6.6/1 
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The medium used first in each angiography was 
determined at random. The preparations employed 
were A.G. 62-27 and Urografin 60% (Fig. 1). 

In 51 cases 40 ml of contrast medium were 
delivered in each injection in the abdominal aorta, 
4-5 om above the bifurcation, at the rate of 13 ml/ 
sec. In the remaining ten cases the injections were 
made in the external iliac or the femoral artery of 
one or both sides. In these more peripheral angio- 
gtaphies proportionally lower doses of 10 to 20 ml 
were injected at the rate of 10 ml/sec. There was an 
interval of at least ten minutes between the two 
injections, 

The spontaneous reactions of the patient to each 
injection were observed, and after each injection the 
patient was questioned about sensations of heat and 
pain. After completion of the two injections the 


TABLE I 


DISTRIBUTION OF AGE AND SEX IN 52 PATIENTS IN 
WHOM A TOTAL OF 61 FEMORAL ANGIOGRAPHIES 
WERE PERFORMED 





















| ( > 60 
rears years ‘Total 
Male 18 36 
Female 0 3 13 16 
‘otal 2 19 31 52 








patient was asked to state which of the injections 
had given the least discomfort. All observations and 
patient’s complaints were registered in an individual 
case report. 

Intra-arterial blood pressure and electrocardiogram 
were recorded from a few minutes before until four 
minutes after the injection. Since the blood pressure 
was measured through the angiographic catheter 
this pressure-recording was interrupted from a few 
seconds before until approximately 20 seconds after 
the injection. 

The patients were not informed of the order in 
which the injections were given, this was known by 
the examining doctor in the first 27 angiographies, 
but not in the last 34 making this part of the trial 
double blind. 


RESULTS 

In the double blind part of the trial all patients 
stated that ioxaglate had given the least discomfort. 
The spontaneous reactions and indicated sensations 
of pain and heat after the two injections in this 
group are given in Fig. 2. Fourteen patients com- 
plained of severe pain after injection of diatrizoate, 
six were unable to keep their legs still, and hence 
blurring of films occurred. After ioxaglate no state- 
ment of severe pain was given. Slight movement 
(mainly grimacing) was seen in three patients, two of 


DIATRIZOATE 








Movement 


Vocal Pain 


reaction 





Vocal 
reaction 


Fig, 2. 


Reactions and sensations following injection of ioxaglate and diatrizoate in angiography in a double blind study comprising 
34 examinations (28 aortic and six peripheral injections). 


O None Light 
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TABLE II 


MEAN INCREASE IN HEART RATE (BEATS/MIN) AND DECREASE IN BLOOD PRESSURE (MM HG) AFTER INJECTION OF 
IOXAGLATE AND DIATRIZOATE IN A TOTAL MATERIAL OF 61 FEMORAL ANGIOGRAPHIES 



































r cm i | 
Contrast medium loxaglate Diatrizoate l 
Systolic Diastolic Systolic Diastolic | 

blood blood blood blood | 

Changes in | Heart rate pressure pressure Heart rate pressure pressure | 
51 aortic injections -+5,4 —8.0 —6.1 +8.7 ~26.1 74 1 
oeae e S a a PI LE AT, | 
10 peripheral injections +4.0 —19.4 —7.8 | -4-7.9 — 25,0 | _ 10.0 i 








whom described the injection as slightly painful. 
The difference between the number of patients 
feeling pain after injection of ioxaglate (five out of 
34) and diatrizoate (26 out of 34) is highly sig- 
nificant (x? test, p< 0.001). 

The changes in heart rate and systolic and dias- 
tolic blood pressure appear in Table II. In most 
cases a slight decrease in heart rate was seen im- 
mediately after the injection followed by a more 
marked increase, generally accompanied by a de- 
crease in blood pressure. In two cases the decrease in 
systolic blood pressure reached 60 mm Hg after injec- 
tion of diatrizoate. The decrease was always less mark- 
ed after ioxaglate than after diatrizoate. In some cases 
the only change in blood pressure after injection of 
ioxaglate was a slight increase, in a few cases the 
blood pressure did not change at all. Statistical 
analysis (Mann-Whitney rank sum test) of the 
haemodynamic effects of aortic injection of the two 
media showed significantly reduced changes after 
ioxaglate compared with diatrizoate (increase in 
heart rate, p< 0.02, decrease in systolic and diastolic 
blood pressure, p< 0.001). The changes after per- 
ipheral injection were smaller after ioxaglate than 
after diatrizoate, but the differences were not sig- 
nificant. 

The results were apparently not influenced by the 
order in which the injections were given. 

No difference in the radiographic properties of 
the two media could be observed. 

A transient urticarial reaction with itching and 
periorbital oedema was observed in one patient 15 
minutes after conclusion of an angiogram in which 
one injection of A.G. 62-27 and two of Urografin 
60% had been given, each consisting of 40 ml. Two 
months later the patient underwent a new angio- 
gram with identical injections without urticarial 
reaction, 

Discussion 


The haemodynamic effects of intra-arterial injec- 
tion of conventional contrast media and other hyper- 


tonic solutions are well described from animal 
experiments (Efsen and Munkner, 1968, Lindgren 
et al., 1968, Read et al., 1960) and clinical practice 
(Amundsen et al., 1956, Boijsen et al., 1971, Delius 
and Erikson, 1969). Hypertonic solutions have been 
found to produce a fall in peripheral vascular re- 
sistance resulting in increased blood flow and de- 
creased arterial blood pressure, generally ac- 
companied by increased heart rate. The decrease in 
blood pressure has been observed to reach maximum 
value 20-40 seconds after injection in the lower 
abdominal aorta in man. 

The vascular reactions to angiography may be 
reduced by using a less hypertonic contrast medium. 
This was demonstrated in animal experiments by 
Almén and Trägårdh (1973) and in man by Almén 
et al. (1977) with the non-ionic contrast medium 
metrizamide. Their results are in accordance with 
the findings of the present study in which the 
vascular reactions were significantly reduced with 
the low-osmolar ioxaglate compared with the con- 
ventional medium diatrizoate. 

All clinical reports support the hypothesis that 
the hypertonicity, relative to plasma, is at least in 
part responsible for the painful effect of the com- 
monly used contrast media when injected intra- 
arterially. This effect is especially troublesome in 
hand angiography and, as in our material, in femoral 
angiography in severely arteriosclerotic patients. 

Widrich et al. (1977) recommended intra-arterial 
administration of a local anaesthetic (lidocaine) prior 
to contrast medium injection during femoral angi- 
ography based on the finding of a distinct decrease in 
pain sensation in a controlled trial. They saw no side 
effects, but theoretically a new source of compli- 
cations was added to the examination. 

Conventional contrast media have in animal ex- 
periments been shown to exert an injurious effect on 
the vascular endothelium (Zinner and Gottlob, 
1959). This effect is reduced when the low-osmolar 
contrast medium metrizamide is employed (Almén 
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and Trägårdh, 1973) but no reduction may be 
expected by the injection of a local anaesthetic. 


CONCLUSION 

In order to reduce the pain associated with per- 
ipheral angiography we suggest that the conven- 
tional highly hypertonic contrast media be replaced 
by contrast media of low hypertonicity. loxaglate 
fulfilled our requirements as a contrast medium for 
use in femoral angiography in severely arterio- 
sclerotic patients as it significantly reduced the pain 
and discomfort felt by the patients and enabled them 
to stay calm during the examination. loxaglate is 
delivered in stable watery solution, and is as easy to 
handle as the commonly used contrast media. 
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butions by: J. Freyschmidt, G. Hagemann, H. Hundeshagen, 
K. Jordan, D. Junker, G. Luska, H. Sack, H.-St. Stender, 
G. Theissen, H. G. Vogelsang, H.-H. Wagner., pp. x-} 456, 
illus., 1978 (Springer Verlag, Berlin), DM.58. 


ISBN 3-540-08328-6. 


It has finally dawned on your reviewer that radiology is a 
compulsory examination subject for medical students in 
Germany and that this is the reason why he is reviewing the 
second book of this type in the space of a few months. 

The book successfully manages to pack the basic infor- 
mation a medical student or young doctor would need to 
know to make the best use of radiation imaging. There are 
sections on radiation physics, the biological actions of 
X rays, radiation protection, radiodiagnosis, and nuclear 
medicine. There is also a short section on radiotherapy. 
There is good information on the diagnostic techniques 
available and on the indications for their use. The sections 
on dose reduction and radiation protection are particularly 


good. Since the subject matter of this 


book is not an 


examination subject in the U.K. it is highly unlikely that the 
book will find a sale. This is a pity, since any doctor wishing 
to investigate a patient sensibly and safely needs the 
information put together in a book such as this. I recom- 


mend it. 


M, STEINER. 
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ABSTRACT 

Radiographs of the hands and feet of 72 haemophilic 
patients were reviewed for peripheral joint involvement. Fifty 
patients or 69% had changes in the small joints of their 
hands and/or feet with a total of 160 abnormal joints. In the 
hands the metacarpo-phalangeal joints were predominantly 
involved (42 of 50 joints), and in the feet, the metatarso- 
phalangeal joints (68 of 110 abnormal joints), as well as the 
posterior subtalar joint (36 of 110 joints). Röntgen ab- 
normalities were characterized by irregularity and/or 
flattening of the articular cortices. 

The involvement of the small peripheral joints in haemo- 
philic patients has not been a primary consideration in pre- 


vious clinical and radiographic studies because of the more 
common and more debilitating changes in the large joints. 
The recognition of involvement of the small joints is de- 
scribed to avoid misinterpretation of the réntgen findings 
and to appreciate the indicence of involvement, especially 
with the increased availability of replacement therapy. 


Haemophilia is a primary disorder of coagulation 
complicated by spontaneous intra-articular haemor- 
rhage (Stoker and Murray, 1974). The primary 





Fic. 1. 


Photograph of the dorsum of both hands of a haemophilic patient with deformities of the metacarpal phalangeal joints of the fifth 


digits, right greater than left. 
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Fic. 2. 


On this AP view of both hands, there is flattening and irregularity of the articular cortex of the metacarpal head of the right index 

finger. Subchondral cysts are present and the joint space is widened in comparison to the other MP joints. The metacarpo-phalan- 

geal joint of the right thumb is narrowed, and the articular surface is slightly flattened. Arthritic changes are also observed in the 
metacarpal heads of both fifth digits, more marked on the left. 


TABLE I 
RADIOLOGICAL CHARACTERISTICS IN PERIPHERAL JOINTS OF THE HANDS AND FEET 











| Hands Feet 
Metacarpal Proximal Metatarsal Posterior 
Joints involved phalangeal |interphalangeal| Intercarpal phalangeal subtalar Talonavicular 
| No. of joints affected 42 5 3 68 36 6 
| Articular cortices: irregu- 
| larity and/or flattening 42 5 3 | 68 36 6 
| Joint space: 
| unchanged 21 0 0 35 0 0 
narrowed 19 5 3 14 36 6 

| Widened 2 0 0 19 0 0 
| Juxta-articular soft tissue 
| swelling + haemosiderin 

deposition 0 1 1 2 36 0 

Subchondral cysts 3 0 3 2 1 1 

Juxta-articular osteoporosis 0 0 1 0 0 0 
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Fic. 3. 


An AP view of both hands reveals bilateral and symmetric arthritic changes in the metacarpo-phalangeal joints of the fifth 
digits. Mild arthritic changes with narrowing and osteophyte formation are also observed at the metacarpo-phalangeal joint 


of the left index finger. 


joints affected are the knees, elbows and ankles 
(Duthrie et al., 1972; Ghormley and Clegg, 1948). 

It is the purpose of this paper to document 
haemophiliac arthropathy involving the hands and 
feet, to describe the radiological pattern, and to cor- 
relate the clinical significance of the röntgen changes. 


MATERIALS AND METHODS 
The radiological joint surveys of 72 male patients 
with haemophilia, followed at The Hospital for 


FIG. 4. 

An AP view of the left wrist demonstrates intercarpal 
sclerosis, articular irregularity of the carpometacarpal joints. 
Subchondral cysts are present (arrows). 
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Fic. 5. 





5 


\n AP view of both feet demonstrates flattening and irregularity of the articular cortices of the metatarsal heads of the 
right second digit and the left fourth and fifth digits. The joint spaces are slightly widened. 


Special Surgery, were reviewed for joint abnormalities 
in the hands and feet. The patients ranged in age 
from five to 40 years, with a mean age of 20 years. 
VIII 


(classical haemophilia) and five patients had factor 


Sixty-seven patients had factor deficiency 
IX deficiency (Christmas disease). The radiographs 
of the hands and feet were reviewed for: (i) ir- 
regularity of the articular cortices, (ii) changes in the 
width of the cartilage space (narrowing or widening), 
Gii) juxta-articular soft tissue swelling with or with- 
out deposition of hae mosiderin, (iv) subchondral 
cysts, (v) juxta-articular osteoporosis, and (vi) the 
distribution of the articular abnormalities. 

The patients’ charts were reviewed for complaints 
yr deformity of the hands and feet. In addition, 20 
patients were questioned and five patients were 
clinically examined regarding pain, swelling, limita- 
tion of motion, and bleeds in their hands and feet. 


RESULTS 
Fifty patients or 69% of the 72 patients with 
haemophilia had radiological abnormalities in the 


joints of the hands and feet. A total of 160 joints were 


abnormal. Eighteen patients had changes in both the 
hands and the feet, two patients had involvement in 
their hands alone, and 30 patients had involvement 
in only their feet. 

Arthritic changes involving the hands and wrists 
were found in 20 patients with a total of 50 abnormal 
joints with predilection for involvement of the 
matacarpo-phalangeal joints (42 of 50 joints) (Fig. 1). 
Radiologically irregularity and/or flattening of the en- 
tire articular cortex of the metacarpal head occurred 
in 42 joints with the joint space relatively unchanged 
in half the cases (21 joints). In the remainder there 
was narrowing (19 joints) or widening (two joints) of 
the cartilage space. Subchondral cysts were present 
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Fic. 6. 


An AP view of both feet demonstrates bilateral hallux rigidus deformities, more prominent on the 
left. 


in three joints (Fig. 2). Soft tissue swelling, juxta- 
articular osteoporosis, and haemosiderin deposits 
were not observed (Table I). The 
phalangeal joint of the fifth digit was most frequently 
involved (‘Table II), and in five patients the abnor- 
mality was bilateral and symmetrical (Fig. 3). 

Five proximal interphalangeal joints of the hands 
of two patients were narrowed and the intercarpal 
joints of the wrist in three other patients (Table II). 
The changes in the wrist were accompanied by 
multiple small subchondral cysts (Fig. 4). Osteo- 
porosis was observed in one involved wrist. 

The feet were involved in 48 patients with a total 
of 110 abnormal joints (Table II). In order of 
descending frequency, changes were observed in the 
metatarso-phalangeal joints, the posterior subtalar 
joints and the talonavicular joints. 


metacarpo- 


There were 68 abnormal metatarso-phalangeal- 
joints. As in the hands, radiological abnormalities at 
the metatarso-phalangeal joints were characterized 
by irregularity and/or flattening of the articular 
cortex of the metatarsal heads (all 68 joints). The 
cartilage space was unchanged in width in 35 joints. 
Widening of the cartilage space was observed in 
19 joints, and narrowing of the cartilage space in 
14 joints (Fig. 5). Hallux rigidus deformities, with 
sclerosis and osteophyte formation were observed in 
16 cases, none of which had changes in the joint 
space width (Fig. 6). Increased density in the juxta- 
articular soft tissues (two joints) and subchondral 
cysts (two joints) were infrequently observed. One 
patient had premature epiphyseal ossification of a 
metatarsal head and subsequent hypertrophy of the 
epiphysis with cortical irregularity (Figs. 7A and B). 
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TABLE H 


DISTRIBUTION OF PERIPHERAL JOINT INVOLVEMENT IN THE 
HANDS AND FEET 


| 
| 
| 





H 


No, of joints | No. of 





| Hands 
Metacarpal phalangeal joints 
total number involved 42 

ist digit 

2nd digit 

Jrd digit 

4th digit 

Sth digit 


Proximal interphalangeal joints 

tat digit — 

2rd digit — — 

3rd digit f 2 1 

4th digit 1 1 

Sth digit 2 1 
3 


Intercarpal joints 


Peet 

Metatarsal phalangeal joints 
total number involved 68 
tst digit 18 1 
2nd digit 10 
3rd digit 12 
4th digit 1 
Sth digit 1 





Posterior subtalar joints 36 25 


Talonavicular joints 6 5 
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There was no evidence of juxta-articular osteo- 
porosis or periosteal new bone formation (Table I). 
The first digit (18 joints) the fourth (17 joints) and 
the fifth (11 joints) digits were most frequently 
involved. Bilateral and symmetrical changes in the 
metatarsals were present in only five cases (Table IT). 

There were 36 abnormal posterior subtalar joints. 
In 11 instances, the changes were bilateral. Articu- 
lar abnormalities including narrowing, subchondral 
cysts, sclerosis and irregularity of the articular 
cortices were observed (Figs. 8a, B, €). In 30 of the 
36 cases there were severe arthritic changes in the 
ipsilateral ankle, in five cases the ankle was only 
minimally abnormal, and in one case the ankle was 
entirely normal (Table HI). 

Involvement of the talonavicular joints, charac- 
terized by narrowing and subchondral sclerosis was 
present in five patients and was bilateral in one. 

Of the 25 patients clinically questioned, 18 had a 
history of recurrent bleeds into their hands and feet 
requiring treatment. Only one patient had clinical 


TABLE IH 
ANALYSIS OF POSTERIOR SUBTALAR JOINT INVOLVEMENT 





25 patients 









36 joints affected involved 
Isolated changes without joint involve- 
ment in hands and feet 8 
Associated with joint involvement in the | 
feet 8 
Associated with joint involvement in the 
hands 6 
Associated with joint involvement in the 


hands and feet 3 








changes in the ankle joint 





Definitive 30 
Equivocal 5 
Negative 1 | 











deformity corresponding with X-ray changes, i.e. a 
20°, flexion contracture of the 2nd metacarpo- 
phalangeal joint of the hand. Three of the seven 
patients without a history of bleeding episodes in 
their hands or feet had X-ray changes in these areas. 
Several other patients had finger and toe deformities 
clinically, but normal radiographs. The latter 
findings concur with recent reports (Arnold and 
Hilgartner, 1977) that bleeds in the hands usually 
resolve without residual clinical changes. However, 
according to the incidence of radiological deformities 
in the hands and feet, significant bleeding episodes 
in these areas are evidently more common than 
previously recognized. 


DISCUSSION 

Arthritic changes in the knees, ankles and elbows 
are earliest and best recognized sequelae of spon- 
taneous intra-articular haemorrhages of haemophilia. 
However, intra-articular bleeds and arthritic changes 
also occur in the small joints and in our series, 
radiological abnormalities in the small peripheral 
joints of the upper and lower extremities occurred in 
69%, of 72 haemophilic patients. As in the large 
joints, the lower extremity was more frequently 
involved (110 of 160 joints) than the upper extremity 
(50 of 160 joints). In both the hands and feet, the 
MP joints were most frequently involved. As in the 
knee or elbow, X-ray findings included irregularity 
and/or flattening of the articular cortices as well as 
premature epiphyseal ossification and overgrowth. 
Unlike large joint haemophilic arthropathy, haemo- 
siderin deposition in the soft tissues (two of 110 MP 
joints) and subchondral cysts (five of 110 MP 
joints) were infrequently observed. The width of the 
cartilage space varied and the distribution of the 
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(a) An AP view of the left foot demonstrates premature ossification of the fourth metatarsal epiphyses. 


(B) A follow-up film of the left foot reveals irregularity and flattening of the articular cortex of the fourth metatarsal head 
as well as overgrowth. 


changes in the MP joints was usually asymmetric. 
The posterior subtalar joint was the second com- 
monest site of articular abnormalities (36 of 160 
joints). Less frequent sites included the talon- 
avicular joint (six joints), the proximal interphalan- 
geal joints (five joints) and the intercarpal joints 
(three joints). 

The pathophysiology of articular abnormalities in 
the small peripheral joints is probably the same as 
that in the large joints and a result of recurrent 
intra-articular haemorrhage. The amount of bleed- 
ing necessary to produce changes in the small joints 


-~ 


is minimal compared to that of the large joints. The 
pain and disability of a large intra-articular joint 
haemorrhage most probably diverts attention away 
from less significant traumatic events and may 
account for the lack of complaints referable to the 
hands and feet despite the high incidence of radio- 
logical and clinical abnormalities. 

The distribution of the large joints involved in 
haemophilia can be related to several factors. First, 
due to their peripheral location, the knees, elbows, 
and ankles are more susceptible to repetitive trauma 
than the centrally located articulations such as the 
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(a) A lateral view of the right ankle (11.12.72) reveals juxta- 
articular haemosiderin deposits. The articular surfaces are 
smooth. 

(B) Follow-up lateral view of the right ankle (2.12.74) re- 
veals irregularity of the superior surface of the talus and the 
posterior subtalar joint is sclerotic and irregular. 

(c) Follow-up lateral view of the right ankle (6.9.75) reveals 
further progressive arthritic changes. 


hips and shoulders. Second, mechanical stress is 
considered more critical to joint vulnerability than 
weight-bearing and third, hinge-type articulations 
stabilized by muscles and tendinous structures are 
at higher risk than ball-and-socket joints stabilized by 
osseous architecture (De Palma, 1967; Stoker and 
Murray, 1974). These principles can easily be ap- 
plied to the MP joints which are peripheral, hinge- 
type articulations, stabilized only by the surrounding 





soft tissues. 

The recent increase in availability of factor VIII 
has changed the therapeutic approach to spon- 
taneous intra-articular haemorrhage. In a recent 
clinical study (Lancourt et al., 1977) of 200 patients 
with haemophilia, ten cases presented with wrist and 
digital haemarthrosis, and nine were of sufficient 
severity to merit immediate replacement therapy. 

Recognition of the radiological articular abnor- 
malities in the hands and feet of haemophilic 
patients is important to exclude other aetiologies for 
these deformities such as trauma, infarct or infection. 
In addition, identification of the early radiological 
and clinical signs may indicate the need for early 
B treatment with factor VIII. 
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ABSTRACT 
Two cases of intrathoracic rib are presented. In one of 
these the anomalous rib was not supernumerary, and the 
investing layers of pleura caused the rib to appear abnormally 
dense. The relevant literature is briefly reviewed. 


Minor anomalies of the bony thoracic cage are not 
uncommon, being found in approximately 1% of the 
normal population (White, 1929; Etter, 1944; 
Weinstein and Mueller, 1965; Freed, 1972). Intra- 
thoracic ribs are usually supernumerary and are 
exceptionally rare (Fraser and Paré, 1977). Although 
they are commonly asymptomatic and often an in- 
cidental finding (Weinstein and Mueller, 1965), 
their importance to the radiologist lies in the fact 
that they may simulate intrathoracic pathology and 
lead to an unnecessary thoracotomy (Plum et al., 
1957; Von Ronnen and Jongh, 1962). Fifteen cases 
have been documented in the literature since the 
anomaly was first described by Lutz in 1947. Two 


recently encountered cases are the basis for this re- 
port. In one case, the anomalous rib was super- 
numerary and descended vertically through the left 
upper lobe posteriorly. In the other case, the intra- 
thoracic rib was not supernumerary and began its 
anomalous course in the right mid-axillary line. 
Because this rib was surrounded by invaginated 
visceral and parietal pleura, it appeared abnormally 
dense on postero-anterior projection. Displacement 
of the oblique fissure by this rib was evident. 


Case REPORT 

Case 1. 

The patient, a 44-year-old black female, was found to have 
a thoracic deformity on a routine chest radiograph. She was 
completely asymptomatic. There were no significant ill- 
nesses in the past history, and she was the product of 
a normal pregnancy. Physical examination revealed no 
abnormality. A chest radiograph (Fig. 14 and B) showed an 
intrathoracic extension of the right 7th rib, the anomalous 
portion entering the thorax in the mid-axillary line. The rib 





A Fic. 1. Case 7. B 


There is increased density of the anterior portion of the right 7th rib (closed arrows), which is shown to be intrathoracic on the 
lateral view. There is hypoplasia of the adjacent rib and a mid-thoracic scoliosis. The oblique fissure is displaced (open arrows). 
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appeared abnormally dense on the PA projection because 
of the investing four layers of pleura. There was hypoplasia 
of the anterior portion of the right 6th rib and a moderate 
mid-thoracic scoliosis. Pulmonary function studies revealed 
a normal forced vital capacity and FEV; with FEV;/FVC 
ratio of 79.3. In view of the lack both of symptoms and 
objective evidence of a restrictive pulmonary defect, no 
treatment was advised. 

Case 2. 

A 48-year-old white female was referred to the Univer- 
sity of Chicago Hospitals and Clinics for investigation of 
hypertension and proteinuria. A chest radiograph revealed a 
supernumerary intrathoracic rib on the left side. The anom- 
alous rib arose from the posterior portion of the left 3rd rib 
and descended posteriorly into the chest (Fig. 2A and B). 
A faint parallel density accompanied the anomalous rib 
(Fig. 2c) and was attributed to the invaginated lavers of 
pleura. The patient had no symptoms referable to the 
thoracic cage abnormality and surgical interference was not 
advised. 


DISCUSSION 
Congenital anomalies of the ribs are common and 
include cervical rib, bifid anterior rib, and fusion of 


Fig. 2. Case 2. 

A vertically oriented [supernumerary rib is demonstrated 
(closed arrows) with{ its investing layers of pleura (open 
arrows). 
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adjacent ribs (Steiner, 1943). Supernumerary intra- 
thoracic (Freed, 1972) and transthoric ribs (Shoope, 
1969) have been previously described. Review of the 
literature reveals that, including the two cases de- 
scribed here, these are more common on the right 
side in the ratio of 12:5 and there is no significant 
sexual predominance. An intrathoracic rib is usually 
an incidental finding. In every reported case, the an- 
omaly has been unilateral and not associated with 
other skeletal deformities. One case has been report- 
ed with an associated right-sided aortic arch (Whit- 
lark and Engels, 1962). The anomalous rib usually 
arises either from the postero-inferior margin of an- 
other rib (asin case 2) or directly froma vertebral body. 
It may have a fibrous, diaphragmatic attachment, 
which can cause a restrictive ventilatory defect. In 
case 2, the intrathoracic rib arose from the inferior 
border of the left 3rd rib posteriorly, and an adjac- 
ent shadow representing enveloping pleura was seen. 
This appearance is unlikely to cause diagnostic con- 
fusion. However, when the anomalous rib arises dir- 
ectly from a vertebral body, it may descend in the 
paravertebral space and be mistaken for persistent 
right lower lobe collapse (Stevenson and Merendino, 
1956), a mediastinal mass or cyst, anomalous vessel 
(Plum et al., 1957), or a paravertebral mass (Von 
Ronnen and Jongh, 1962). In the past, some of these 
patients have been subjected to unnecessary thora- 
cotomy. 

To our knowledge, the anomaly demonstrated in 
case 1 has not been previously reported. The 
anomalous rib was not supernumerary, and the 
abnormal course of the rib was not apparent on the 
frontal projection. The anterior portion of the rib 
appeared sclerotic due to the superimposed density 
of the invaginated pleural layers, and an initial im- 
pression of fibrous dysplasia or Paget’s disease was 
given. There was, however, a thoracic scoliosis and 
hypoplasia of the anterior portion of the rib im- 
mediately superior to the anomalous rib. The lateral 


projection demonstrated that the rib negotiated an 
abnormal course into the thorax and caused anterior 
displacement of the greater fissure. 

While the abnormality can usually be diagnosed 
with confidence on the conventional chest radio- 
graph, on occasion, supplementary radiological in- 
vestigations, such as fluoroscopy and tomography, 
may be necessary. 

Intrathoracic ribs are rare and may be mistaken 
for significant intrathoracic pathology. An awareness 
of the anomaly and its differing radiological ap- 
pearances, however, should prevent unnecessary 
investigations and surgery. 
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Book review 


Gray-scale Ultrasound: a Manual for Physicians and Tech- 
nical personnel. By R. J. Bartrum and H. C. Crow, 1977, 
pp. xiti+- 216, illus., (W. B. Saunders Co. Sussex), $10.00. 
This is one of many books of ultrasound recently released 
onto the market. Like others it gives the impression of being 
written quickly. Its cover describes the book as “A Manual 
for Physicians and Technical Personnel” and it has a 
number of useful practical points for those setting up a 
department with no previous experience. The text is often 


juvenile and too frequently interrupted with Americanisms 
which are very irritating. 

Unfortunately many of the scans illustrated are tech- 
nically poor and one wonders why half the space is used up 
on physics and technique. 

The clinical chapters are better but I am surprised that no 
mention is made of ultrasound scanning of the eye. 


A, B. AYERS. 





183 


1979, British Journal of Radiology, 52, 184-188 


Ultrasound in the detection of chronic liver disease 


(the “bright liver”) 


By A. E. A. Joseph, M.Sc., F.R.C.R., K. C. Dewbury, B.Sc., F.R.C.R., and P. G. McGuire M.B., B.S. 
Radiology Department and Department of Nuclear Medicine, Southampton General Hospital, Southampton 


(Received July, 1978) 


ABSTRACT 

The association of high amplitude echoes returned from 
the liver and advanced cirrhosis is well recognized. We have 
become increasingly aware of a bright liver echo pattern in 
relatively mild cases of cirrhosis and in other chronic liver 
diseases. The pattern is very characteristic but non-specific 
in pathological terms, We have undertaken a small pilot study 
based on the observation of this characteristic ultrasound 
appearance to assess its clinical significance. Recognition of 
this pattern has always corresponded with liver disease of 
one of five types: cirrhosis, fatty infiltration, portal tract 
fibrosis, severe hepatitis or longstanding congestive cardiac 
failure. Although the use of ultrasound appears to be sensi- 
tive in the detection of generalized liver disease, it is rela- 
tively non-specific. 


It has been recognized for some years that in 
established cirrhosis high amplitude echoes may be 
returned from the liver. Many authors stress that 
this occurs in advanced disease only (Carlsen, 1975) 
(Sanders and Sanders, 1977). Fatty infiltration of the 
liver also may give rise to high amplitude echoes, 
evenly distributed throughout the liver parenchyma. 
It is suggested that fatty infiltration and cirrhosis 
may be distinguished from each other by the coarse- 
ness of the echo pattern and the marked distal 
attenuation that occurs in the latter (Taylor et al., 
1976). 

The pathology of cirrhosis is the progressive 
disruption of the liver architecture with replace- 
ment by fibrous tissue. Although not firmly estab- 
lished, it is thought that the echoes from an organ 
predominantly arise from the fibrous skeleton (Fields 
and Dunn, 1973). Although this is probably an over 
simplification, our own studies with post mortem 
ultrasound and histological correlation show that 
with necrosis and destruction of liver tissue the 
region becomes relatively non-reflective, this being 
true of both abscesses and metastases. We have also 
observed that the non-reflective halo in the “target 
metastases” represent regions of sinusoidal ectasia. 
Much narrower non-reflective rings demarcating 
metastases also have the same aetiology (Dewbury 
and Joseph, 1978). Cirrhotic livers with increased 
fibrous tissue content may be expected to generate 
increased echoes of higher amplitude. Quantitative 
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A scan analysis has shown this to be true (Mount- 
ford and Wells, 1972). 

Over the past two years we have become in- 
creasingly aware of a characteristic echo pattern seen 
on the B scan in some liver diseases. The basic 
pattern consists of closely packed high amplitude 
echoes throughout the liver. A further feature is the 
posterior attenuation of the beam in some instances. 
Often the tram line pattern of the portal veins is lost 
and it is difficult to distinguish between the portal 
veins and hepatic veins, particularly in the periphery. 
Stretching of vessels is a further finding in some of 
the livers with this type of echo pattern. These 
findings are observed with the usual TGC settings 
(2db/cm). It may require increase of the TGC and 
increased gain settings to obtain optimal views of the 
posterior aspects of the livers in those showing in- 
creased attenuation. This tightly packed, increased 
echo pattern has been observed by us in cirrhosis, 
portal fibrosis, chronic active hepatitis, fatty change 
and severe or longstanding congestive cardiac failure. 
This liver pattern we have called the “bright liver”. 
This study has been undertaken to assess the 
significance of the “bright liver”. We are unaware of 
any other such studies reported in the English 
literature, 


SUBJECTS AND METHODS 

The examinations reported here were all carried 
out on a commercially available grey-scale machine 
using a long internally focussed 2.25 MHz probe. 
The assessment of the liver parenchyma was made 
on longitudinal scans of the liver obtained by the 
standard single sweep technique, in suspended in- 
spiration. The transverse sector scans were not used 
for the assessment of the bright liver pattern. The 
characteristic “bright liver” echo pattern was de- 
tected at standard instrument settings (mentioned 
above) although slightly higher gain settings were 
often required for optimal results. 

Over a ten-month period a consecutive series of 
60 patients were seen with a “bright liver” pattern on 
the ultrasound images. In no case was the histo- 
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TABLE I 
“BRIGHT LIVER PATTERN” 

















Notable 
Histological “Bright Isotope positive posterior Clinically 
findings liver” (cirrhotic pattern) attenuation unsuspected 

1. Cirrhosis 27 16/20+-80% 16/27 2 
2. Portal fibrosis and 

fatty infiltration 16 5/11+-45% 8/16 3 
3. Severe hepatitis 2 0/2+-0%* 0 0 
4. Cardiac cirrhosis 2 -— 0 0 

















Note: There were no false positives. _ an: 
*Although the two patients in this series did not yield a ‘‘cirrhotic” pattern on the isotope images, it is well known that this is 
one of the causes of the cirrhotic pattern with increased splenic and marrow uptake. 


logical diagnosis known at the time of examination, 
and follow-up was by analysis of the patients’ 
records. A subsequent biopsy report was available on 
45 of the patients. 9°T'c™ sulphur colloid images 
were available in 35 patients. 


RESULTS 
The findings in the 45 patients on whom histology 
is available are presented in Table I. There are 
three main histological groups. Cardiac cirrhosis is 
included as a fourth group. Biopsies were not done 
on either of these patients, however the clinical 
picture in both instances was of severe congestive 
cardiac failure, so they have been included. The 
criteria for the diagnosis of a cirrhotic pattern on the 
isotope images are transfer of activity to the spleen A 
and bones and splenic enlargement. The liver size is 
variable depending on the clinical stage of the disease. 
An attempt has been made to subjectively assess the 
incidence and significance of notable posterior at- 
tenuation by review of the ultrasound images and 
results are recorded in Table I. In the 27 cases of 
cirrhosis some showed micronodular change, some 
macronodular and others showed a mixed pattern. In 
addition 30% of this group showed fatty infiltration. 
The severity of change reported was variable ranging 
from mild to severe. Review of the ultrasound images 
showed no correlation with the type, or severity of 
the pathological change recorded. A typical example 
of the bright echo pattern seen in cirrhosis is 
illustrated in Fig. 1a. There is marked distal at- 
tenuation of the beam. The A scan from this patient 
br rai ean Pe oe ddraen (a) Cirrhosis. Note the typical bright echo pattern. The portal 
E vein walls can no longer be seen. The liver is enlarged and 
echo. Figs. 2a and B are corresponding scans froma there is distal attenuation of the beam. D — Diaphragm. K — 

normal patient for comparison. Marked distal at- Kidney. 


tenuation did not always occur in cirrhosis. An ex- (B) Ascan from the same patient. Note the parenchymal echoes 
; s S ANE A 5 (PE) are half to three-quarters the size of the diaphragm- 
ample of this appearance is seen in Fig. 3. The liver atic echo (D). 
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is enlarged and bright. The portal vein walls are lost. 
trace of acitic fluid under the liver. 
Isotope studies were available in 20 patients in this 


Chere is a 
group and suggested cirrhosis in 16. 

In the second group, eight patients showed mixed 
changes of portal tract fibrosis and fatty infiltration. 
Seven patients showed varying degrees of fatty 
infiltration alone and one patient showed only ex- 
tensive portal tract fibrosis. Once again in this group 
it was not possible to correlate the ultrasound images 


with the specific pathology or the severity of patho- 
logical change. Figure 4 is a scan of a patient with 
mixed fatty infiltration and portal tract fibrosis. A 





HOT E A E A 
i ENH a ah ie 





B 
FIG. 2 
(a) Normal liver for comparison with Fig. 1 (a). P— Portal vein. 
D — Diaphragm. GB — Gall Bladder. K — Kidney. 


(B) A scan from the same patient for comparison with Fig. 1(B). 


Note the parenchymal echoes (PE) are under half the size 


of the diaphragmatic echo (D). 


number of calculi is present in the gall-bladder. 
Isotope studies were available in 11 patients and 
showed changes consistent with cirrhosis in five 
instances. The final small group of two patients with 
severe changes of hepatitis B, one with bridging 
necrosis. Fig. 5 is a scan from this patient. The 
isotope studies were normal in both instances. In the 
remaining 15 patients on whom biopsies have not 
been done, or are not available, two patients were in 
severe congestive cardiac failure and are included in 
Table I, and five patients have strong clinical 
evidence of chronic liver disease (but are not in- 
cluded). 





Fic. 3. 


Cirrhosis. Note the typical bright echo pattern with loss of 

visualization of the portal vein walls. In this patient there is 

no significant distal attenuation of the beam at normal TGC 
settings. There is a trace of ascites (A). D — Diaphragm. 





Fic. 4. 


Fatty infiltration and portal tract fibrosis. Note the typical 

bright echo pattern of the liver parenchyma. There is no 

significant distal attenuation. There are multiple calculi (C) 
in the gall-bladder (GB). D — Diaphragm. K — Kidney. 
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Fie. 5. 


Hepatitis B. The liver shows a bright echo pattern. The 
portal vessels (P) can be seen but there is loss of the normal 
bright cuff around them, D — Diaphragm. K — Kidney. 


Notable distal attenuation of the sound beam 
occurs in approximately half of the patients and does 
not appear to correlate closely with the type and 
severity of pathological change. Comparison of 
Figs. 3, 4 and 5 shows how similar the appearances 
are in three cases with different pathological diag- 
noses. In none of these instances is notable distal 
attenuation present. This observation, however, re- 
mains a subjective assessment and a more objective 
measurement would be of great value. This obser- 
vation of course also applies to the recognition of the 
“bright liver” pattern. However, it is of some 
importance that there have been no false positive 
diagnoses by ultrasound in this series. The presence 
of a “bright liver” pattern has always correlated with 
proven liver disease. In five cases significant liver 
disease was first suggested by the ultrasound images, 
when there was no strong clinical suspicion. The 
scans were performed due to mildly abnormal liver 
function tests. 

During the course of this study we have encoun- 
tered five cases of established cirrhosis in whom the 
ultrasound images appear normal. Interestingly in 
all these cases isotope studies showed a cirrhotic 
pattern. 


DISCUSSION 

The recognition of the ‘“‘bright liver” echo pattern 
has considerable diagnostic value. Although previous 
investigators have commented upon the occurrence 
of high amplitude echoes in both fatty infiltration 
and cirrhosis, stress has been upon finding this in 
advanced disease. In these circumstances the diag- 
nostic value of this appearance would be limited, 


this has not been our experience. We have had no 
false positive examinations to date, although the 
finding of this echo pattern alone is relatively non- 
specific in pathological terms. It is of some relevance, 
however, that portal tract fibrosis, fatty infiltration 
and cirrhosis are frequently part of the same patho- 
logical spectrum. Correlation with the severity of 
pathological change is poor. Both very early cirrhosis 
and minor fatty change have been detected, whilst 
established cirrhosis has appeared normal. This fact 
is perhaps rather surprising and we have no ex- 
planation for it. The more relevant observation is 
that early abnormality may be detected, and that in 
13°, of our series the ultrasound images were the 
first indication of significant liver disease. 

It is clear that ultrasound imaging will not exclude 
cirrhosis. The reliability of ultrasound in the detec- 
tion of cirrhosis is not known. A prospective study is 
now under way to assess this. 

In established cirrhosis we have found isotope 
imaging to be accurate, but at the other end of the 
spectrum where only portal fibrosis and fatty in- 
filtration is present the accuracy in this series is 45%. 

No mention has yet been made of ascites and 
portal vein enlargement in portal hypertension or of 
hepatic vein enlargement in congestive cardiac 
failure. We have found these useful diagnostic ob- 
servations present in some of our cases. However, 
there tend to be changes occurring in long established 
and severe disease which limits their real diagnostic 
value. 


CONCLUSION 

A characteristic “bright liver” echo pattern is 
described on the basis of a subjective assessment of 
ultrasound images. This is recognized at standard 
machine settings. The clinical relevance of this has 
been assessed in a consecutive series of unselected 
patients, on whom biopsy reports subsequently 
became available. Recognition of this liver echo 
pattern has always corresponded with proven liver 
disease of one of five types: cirrhosis, fatty in- 
filtration, portal tract fibrosis, severe hepatitis, or 
longstanding cardiac failure. Although the use of 
ultrasound appears to be sensitive in the detection of 
generalized liver pathology, it is relatively non- 
specific. The use of both ultrasound and sulphur 
colloid liver imaging would increase the detection of 
chronic liver disease. 
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Book review 


Principles of Surgical Oncology. Edited by Ronald W. Raven, 
pp. 519, 1977, (Bailliere Tindall, London), £28-00. 
ISBN 0-7020-0670-X. 

Oncology is a wide subject which encompasses the many 
facets of causation, prevention, diagnosis and treatment of 
tumours. No one can be an expert in all its aspects. Ad- 
vances in knowledge are therefore more likely to follow 
mutual understanding and close co-operation of specialists 
in the different clinical and laboratory disciplines. 

Most surgeons have a relatively limited knowledge of 
oncology due to the fact that, whether they be general or 
page surgeons, only part of their practice is devoted to 

e management of tumours, There is, therefore, a need for 
a book written specifically for surgeons so that they can ful- 
fill their role in a multidisciplinary team. This book aims to 
meet this need by giving an overall picture of the subject and 
its fundamental principles. It makes no attempt to define the 
place of surgery in the management of individual tumours. 

The book contains a great deal of information on basic 
subjects such as tumour biology and biochemistry and the 
relationship between tumours and the endocrine and im- 
mune systems. Carcinogenesis and world-wide epidemi- 
ology are particularly well covered. The editor was, how- 
ever, probably over-zealous in including a chapter devoted 
to a mathematical model of the dividing cell and to allow 
fourteen pages of references on endocrinology. 

Diagnosis and treatment are of more immediate interest to 
the surgeon. The chapter on pathological diagnosis by 
Arnold Levine is strongly recommended because it is full of 
practical advice and gives guidance to further reading. The 
chapter on anatomy describes, with beautiful illustrations, 
the lymphatic system and the breast, areas already well- 
known to surgeons, and follows with a description of the 
perhaps less well-known intrahepatic anatomy. It also gives 
us the only operative details in the book, that of right hemi- 
hepatectomy. There is an excellent ‘chapter on radio- 


therapy by Tom Deeley which outlines the basic principles 
of the subject and its relationship to surgical practice, He 
reminds surgeons of the need to mark residual tumour with 
metal clips at the time of operation and points out the 
hazards of operating on tissues previously irradiated to a 
high dose, He stresses the importance of close co-operation 
between all who treat oncological diseases. 

Cytoxic chemotherapy is the most recent and potentially 
most exciting branch of oncology. Despite the fact that as yet 
we have no clinically useful drugs that are cancer-specific 
and non-toxic, it is in this field that advances are most likely 
to be found in the near future. It is, therefore, disappointing 
that this chapter is so uninspiring. Little mention is made of 
the important advances in the management of childhood 
tumours and Hodgkin’s disease which have come about 
following a joint approach by physicians, surgeons, radio- 
therapists and chemotherapists. The value of adjuvant 
chemotherapy in so called ‘‘early’’ breast carcinoma is not 
proven but it is certainly of interest to surgeons and warrants 
discussion, 

The editor’s contributions include an enthusiastic survey 
of the science and art of oncology and a chapter on the re- 
habilitation of the cancer patient. He makes clear that the 
role of the surgical oncologist is not confined to the theatre 
and surgical ward but extends to include total care of the 
patient, support of his family and education of the popula- 
tion at large. 

Surgeons in the last century developed radical operations 
for malignant tumours thought to be “early”. Today sur- 
geons question the concept of “early” totally resectable can- 
cer and work as part of a team. The useful surgical oncologist 
now is the one who does the right thing at the right time, be 
it radical or not. 

Few will read this book from cover to cover, but oncolo- 
gists, surgical and other, will find parts of interest. 

THELMA BATES. 
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ABSTRACT 

Absorbed doses throughout the head of a Rando standard 
man phantom have been measured during simulated neuro- 
logical examinations with the EMI Mk I brain scanner and 
the second generation CT 1010 brain scanner. Similar 
measurements have been made with the CT 5005 whole- 
body scanner which have also included scans through 
thoracic and abdominal sections of the phantom. Lithium 
borate thermoluminescent dosimeters placed at regular 
intervals throughout, and on either side of the scanned 
volume, have enabled estimates to be made of the total 
energy imparted to the phantom by each scanner as well as 
the absorbed dose at various locations including organs of 
interest in health physics such as the lens of the eye, thyroid 
and gonads. Isodose curves have been plotted for the central 
transverse section of each simulated examination. Results 
are reported for both the standard and high accuracy scan 
speed options on the two scanners where this choice is 
available. 

It would appear that all three machines when operated at 
their standard scan speeds impart no more energy to the 
phantom than that associated with a few conventional 
radiographs of the same part of the body. Maximum skin 
doses vary from 30 to 56 mGy (3.0 to 5.6 rad) being highest 
for the CT 1010 scanner. Use of the high accuracy scan 
option increases the energy imparted and the maximum skin 
doses by a factor of about five, while providing much en- 
hanced tissue density discrimination. In the case of the body 
scanner this higher value of energy imparted becomes 
comparable to that associated with lengthy fluoroscopic 
examinations like barium enemas. 

Recent work by EMI involving further refinements to the 
collimation system has reduced the dose levels by typically 
50%. Some preliminary results with this new system are 
included to indicate the likely degree of improvement, but a 
detailed account will be the subject of a separate paper. 


Assessments of the absorbed doses likely to be 
received by patients exposed to diagnostic equip- 
ment utilizing computerized tomography (CT) are 
appearing in the literature with increasing frequency 
as the use of this technique becomes more wide- 
spread. Perry and Bridges (1973) carried out the 
first measurements of the likely exposure, following 
a single scan with an EMI Mk I brain scanner, 
using an ionization chamber and a water-filled 
football bladder to simulate the head. More recently 
Horsley and Peters (1976) reported the effect of 
increasing the number of scans on the exposure at 
the surface of a Rando head phanton. Papers have 
since appeared describing the dose distribution 


inside such head phantoms as a result of multiple 
contiguous scans using the EMI Mk I brain scanner 
(Villafana et al., 1978) and the EMI CT 5000 
scanner (McCullough et al., 1976). Doses are re- 
ported in this paper that generally confirm the 
values found by previous authors and indicate that a 
high degree of reproducibility is possible with these 
scanners even when measurements are made on 
machines installed in different countries. 

We have extended these measurements to include 
data on the second generation CT 1010 brain scan- 
ner and also the CT 5005 body scanner when used 
for neurological, thoracic and abdominal examin- 
ations. The X-ray beam geometry and the scanning 
sequence in this new range of scanners are markedly 
different from those used in the Mk I brain scanner 
and significantly affect the dose distribution in the 
phantom. 

An extensive series of measurements was origi- 
nally made on one of the early CT 5000 body 
scanners. Beam profile measurements had indicated 
that the X-ray beam collimation in the direction 
perpendicular to the scan plane was not adequate on 
these early machines and the large doses that were 
measured in the phantom when nominally con- 
tiguous slices were scanned confirmed that consider- 
able overlap of the penumbral regions of the beam 
was occurring. Consequently a beam splitting plate 
was designed to reduce the width of the penumbra 
and hence the amount of overlap between adjacent 
scans. This device is described in more detail later 
but it is convenient to say here that it effectively 
reduced the absorbed doses in the phantom by a 
factor of about two for those examinations involving 
multiple contiguous scans. All subsequent models of 
EMI body scanner incorporate this device and it has 
also been fitted to all earlier CT 5000 scanners. 
Consequently no data are included for the now 
obsolete CT 5000 body scanner without the beam 
splitting plate. A few recent results relating to a 
further modification of the pre-patient collimator on 
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TABLE I 
SCANNING PARAMETERS FOR THE THREE EMI MACHINES STUDIED 





: MkI 


Brain Scanner 


CT 1010 


Brain Scanner 


CT 5005 
Body Scanner 
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Angular motion 
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| Standard scan time 4.5 min 1 min 20 sec 
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the CT 5005 scanner are included as an indication 
of the continuing efforts to reduce the dose received 
by the patient. 


OPERATING PRINCIPLES oF EMI CT Scanners 

A very brief description will be given of the X-ray 
beam geometries and the scanning motions used in 
the three types of machine investigated, so that the 
different dose distributions observed may be more 
easily understood. The interested reader may find 
more detailed information on the principles of CT 
scanning in the many EMI brochures promoting 
these machines or in the medical literature (e.g. 
Brooks and Di Chiro, 1976; McCullough et al., 
1976). 

‘Table I summarizes the relevant parameters of the 
three EMI scanners which we have studied. They 
all employ the same basic scanning technique which 
is to make repeated linear traverses of a thin trans- 
verse slice of the patient with a small angular 
displacement between each traverse. The Mk I 
scanner uses a narrow pencil-shaped beam with 
essentially a single detector that requires 1 deg steps 
between each traverse. The second generation 
machines use fan-shaped beams with multiple de- 
tector arrays that allow larger rotations to be made 
between each traverse. A total angular displacement 
of 180 deg is required to obtain sufficient transmission 
measurements through the slice for reliable image 
reconstruction. The later machines complete this 
180 deg rotation in fewer steps with the consequent 
reductions in scan time shown in Table I. However, 
since picture quality is necessarily related to the 
number of X-ray photons reaching the detectors, 
tissue density discrimination may be improved by 


increasing the scan time. Consequently a longer, 
high accuracy scan time option is available on the 
second-generation machines and the radiologist has 
to assess whether superior picture quality is needed 
and is unlikely to be marred by the increased op- 
portunity for involuntary movement of the patient. 
The results of our measurements, described in this 
paper, indicate that the substantial increase in dose 
that accompanies the use of this option is a further 
factor that the radiologist should take into account. 

Accurate beam collimation in a plane perpen- 
dicular to the slice being scanned is difficult to 
achieve on all three machines because of the finite 
extent of the X-ray tube focal spot. A diverging 
penumbra is unavoidable as the first part of Fig. 1 
illustrates. The total beam width at the centre of 
rotation including this penumbra is shown in the 
fifth row of Table I for each machine. The relatively 
narrow beam on the CT 5005 has been achieved by 
the introduction of a beam splitting plate whose 
function is shown diagrammatically in the second 
part of Fig. 1. In order to obtain images of nominally 
contiguous slices an axial displacement of the patient 
corresponding to the full width of the beam at half 
maximum (FWHM) is selected (see last row of 
Table 1). This results in a total beam width that is 
somewhat larger than the displacement of the 
patient. Consequently there will be significant over- 
lap of the penumbral regions of the beams used for 
two successive scans, particularly on the side of the 
patient remote from the X-ray tube where the beam 
will be wider than at the centre of rotation. This 
overlap together with the effect of scattering within 
the body results in considerably higher doses in the 
scanned volumes for multiple scans than for single 
scans. 
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Source 







~Collimator 





penumbra penumbra 









Image plane 


Beam profile in absence 
of splitting plate 





image plane 


Reduction of penumbra 
by splitting plate 


Fic. 1. 


The action of the beam splitting plate in a plane perpendi- 
cular to the transverse scanned section. 


Comparisons of the dose distributions produced 
by the three scanners are complicated by the fact 
that in the Mk I machine the X-ray tube moves 
around the right hand side of the patient’s head, in 
the CT 1010 it moves around the back of the head, 
while in the CT 5005 it moves predominantly over 
the anterior surface of the patient. The isodose 
curves obtained on each machine clearly reflect these 
differences. Further differences occur in the nature 
and extent of the material used to surround the 
sections of the patient that are being scanned. Picture 
artefacts are likely to occur at air-tissue interfaces so 
these are eliminated in the Mk I scanner by a 
water-filled box enclosing the top of the patient’s 
head. In the other scanners bags of tissue-equivalent 
bolus, approximately 10 mm thick for the CT 1010 
and 20 mm thick for the CT 5005, are wrapped 
around the section being scanned. These provide 
varying amounts of pre-patient attenuation so care 


was taken to use them at all times in our measure- 
ments to comply with normal practice. 


MEASUREMENT TECHNIQUES 

The patient has been simulated by a standard- 
man Rando phantom and absorbed doses have been 
measured within and around the surface of this 
phantom using suitably encapsulated lithium borate 
thermoluminescent powder. The performance and 
characteristics of this dosimetry system have been 
described elsewhere (Langmead and Wall, 1976). It 
has been specially developed for medical dosimetry 
where its close tissue-equivalence and high precision 
enable doses down to 0.1 mGy (10 mrad) to be 
measured with an overall uncertainty of less than 
+15%. The Rando phantom is made of a muscle- 
equivalent synthetic rubber and contains a complete 
human skeleton, lung-equivalent material and air- 
ways corresponding to the maxillary sinuses, the 
nasopharynx and the trachea. It is divided into 25 
mm thick transverse sections each containing a 
3 cmx3 cm matrix of holes for accommodating 
dosimeter capsules or tissue-equivalent plugs. The 
dosimeter capsules are designed to hold about 35 mg 
of lithium borate powder at the centre of the trans- 
verse section. This keeps the sensitive volume of the 
dosimeter away from the gap between two sections 
where the radiation field might be perturbed by X- 
rays passing along the gap with inadequate attenu- 
ation. 

The complete phantom extending from the top of 
the head to 20 cm below the groin was positioned in 
the scanners in the standard clinical manner for 
each exposure. The main series of measurements 
were made on scanners at the end of the EMI 
production line immediately before despatch to 
customers. A few measurements were repeated on 
two CT 5005 scanners installed at the BUPA 
Medical Centre, London, and at Manchester Uni- 
versity Medical School, to check the reproducibility 
of the results. Neurological examinations were 
simulated with each type of scanner, by obtaining 
images of eight contiguous transverse slices of the 
head of the phantom from just below the infra- 
orbital line to within 2.5 cm of the top of the skull. 
This required four separate scans with the Mk I 
brain scanner and the CT 1010 which obtain data for 
two 13 mm thick slices per scan. The CT 5005 
machine with its much faster scan time can afford to 
examine a single slice per scan and therefore requires 
eight separate scans to cover the same area. Thoracic 
and abdominal examinations were simulated with 
the CT 5005 body scanner in a similar manner by 
performing eight contiguous scans centred on 
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transverse sections through the nipples and the lower 
costal margin respectively. 

All scans described in this paper were conducted 
with the X-ray tube operating at a potential of 
140 kV with a current of 28 mA. Settings of 120 kV 
and 32 mA are more usually employed for brain 
seans but it was considered desirable on this oc- 
casion to keep the settings constant for all examin- 
ations and to use those likely to result in the highest 
dose, Villafana et al., (1978) have found a general 
reduction of around 25% in the doses received by a 
Rando phantom from a Mk I brain scanner when 
operated at 120 kV rather than 140 kV, Consequently 
it would be reasonable to reduce the doses quoted in 
this paper for brain scans by 25% if operation at 
120 kV was guaranteed. 





The absorbed dose has been measured at a 
number of uniformly distributed points throughout 
the phantom section lying at the centre of the 
scanned volume for each simulated examination. In 
addition dosimeters placed within the scanned slice 
and in the two sections lying on either side of the 
scanned slice for single scans have enabled us to 
determine the extent to which the diverging beam 
and scattered radiation expose closely surrounding 
tissue, Radiation scattered to organs of particular 
interest in radiological protection, such as the lens of 
the eye, thyroid and gonads, have also been moni- 
tored. 

RESULTS 

Sufficient measurements were obtained in the 

slice lying at the centre of each volume examined for 





A 
B D 
40 
15 
S 30 E 40 
Mk I CT1010 CT5005 
Fic. 2. 


Isodose curves in the central transverse plane of the irradiated volume for simulated brain examinations of eight contiguous 
slices with each scanner operated at the standard scan speed. Anterior is at the top of the diagram. The numbers indicate ab- 
sorbed dose in mGy (10 mGy=1 rad). 


TABLE II 
ABSORBED DOSES IN THE HEAD FOR SIMULATED BRAIN EXAMINATIONS WITH THE THREE TYPES OF EMI CT SCANNER OPERATED AT 


THEIR STANDARD AND HIGH ACCURACY SCAN SPEEDS. EACH 


EXAMINATION PROVIDED DATA FOR EIGHT CONTIGUOUS SLICES. 


FIGURE 2 SHOWS THE POSITIONS OF THE DOSIMETERS (10mGy= 1 RAD), 























| 
| Absorbed dose per examination (mGy) 
| MkI CT 1010 CT 5005 
| Dosimeter Standard High Standard High Standard High 
position sean accuracy scan accuracy scan accuracy 
A 25 8.2 57 28 n20 
| B 6.7 28 180 23 110 
| C 19 26 130 21 100 
D 42 not 38 160 30 160 
E 34 available 56 340 D4 >) 
Eye lens (left) 18 4.8 S4 27 85 
| Eve lens (right) 28 4.8 53 27 67 
| Thyroid 14 0.5 2.4 0.6 1.9 
| _L | 
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crude isodese curves to be constructed. The resolu- 
tion was not adequate for demonstrating local 
perturbations caused by bone or lung-equivalent 
material in the phantom but the general trend of the 
dose distribution has been established. Figure 2 
shows how these isodose curves differ between the 
three types of scanner for our simulated brain 








Total 
indexing 
angle 








10 


Thorax 


Total 
indexing 
angle 





10 5 


Abdomen 


Fic. 3. 


Isodose curves in the central transverse plane of the 

irradiated volume for simulated thoracic and abdominal 

examinations of eight contiguous slices with the CT5005 

operated at the normal scan speed. The numbers indicate the 
absorbed dose in mGy (10 mGy = 1 rad). 
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examinations using the standard scan speed on each 
machine. Doses measured at the positions labelled 
A to E in Fig. 2 are shown in Table II together with 
the increased dose at these positions that results 
from the use of the high accuracy scan-speed options 
available on the CT 1010 and CT 5005 machines. 
Increasing the value of the isodose curves in Fig. 2 
by a factor of five provides a good estimate of the 
dose distribution to be expected from use of the 
slower scan speed option. The doses received by the 
thyroid and the lenses of the eyes from these 
neurological examinations are also given in Table II. 
Ovaries and testes have not been included because 
the dose to these organs was too low (less than 0.1 
mGy) to be measured accurately for all scans 
through the brain. 

The maximum doses received by the head from 
each type of scanner have been underlined to make 
them stand out more clearly in the Table. Comparing 
these figures alone the standard scan-speed options 
of the CT 1010 and the CT 5005 produce maximum 
skin doses that are respectively 33% above and 30% 
below that from the Mk I scanner, none of them 
exceeding 60 mGy (6 rad). The high accuracy scan 
on the the CT 1010 however results in a maximum 
skin dose of 340 mGy (34 rad) while for the CT 5005 
it has been kept down to approximately half this 
value. 

Dose contours for thoracic and abdominal ex- 
aminations using the CT 5005 body scanner at its 
standard scan speed are shown in Fig. 3. Doses at 
individual points within the central slice and at the 
thyroid, ovaries and testes are indicated in Table IH 
in a similar manner to Table II. The isodose curves 
are skewed towards the phantom’s left for the 
thoracic and abdominal scans in contrast to the 
brain scan with the CT 5005 shown in Fig. 2 
where they are skewed to the right. This is because 
the phantom was inserted head first into the scanner 
for the brain scan but feet first for the other two 
scans. The resulting orientation of the total 180 deg 
indexing angle, which commences 25 deg below the 
horizontal, is shown on each section in Figs. 2 and 3. 

Reference to the data in Table IH will show that 
multiplying these doses by a factor of about four 
provides a good indication of the dose distribution to 
be expected from multiple scans carried out at the 
slow, high resolution, scan- speed option. It may 
seem surprising that an increase in total scan time by 
a factor of 3.5 should result in an increase in dose by 
a higher factor. However, it should be remembered 
that the X-ray tube turn-around and indexing 
times occupy a significant percentage of the total 
period for a fast scan, and these remain unchanged 
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TABLE HI 


ABSORBED DOSES IN THE TRUNK FROM SIMULATED EXAMINATIONS WITH THE C'T 5005 SCANNER OPERATED AT THE STANDARD AND 
HIGH ACCURACY SCAN SPEEDS, EACH EXAMINATION COMPRISED EIGHT CONTIGUOUS SCANS. FIGURE 3 SHOWS THE POSITIONS 
OF THE DOSIMETERS (10 mGy =1 RAD). 











Absorbed dose per examination (mGy) 












































| Thoracic Abdominal Modified collimator, 
examination examination 
rs TS 
Dosimeter Standard High Standard High Standard High 
iti sean accuracy scan accuracy scan accuracy 
| = EA REEE E EA EN = 
| 33 120 33 130 16 50 
31 120 33 130 11 33 
15 59 17 88 -— 
12 50 10 37 4.4 
72 28 6.3 26 3.7 
Thyroid 2.0 6.6 0.1 0.4 
Ovaries 0.1 0.3 0.6 0.3 
Testes 0.2 0.2 0.5 1.2 
ina k 
for a slow scan. The time actually spent traversing TABLE IV 


the head will consequently be increased by a factor 
greater than 3.5 for the slow scan. 

The maximum skin doses from these thoracic and 
abdominal examinations are similar to those from 
neurological examinations with the CT 5005. The 
last two columns in Table III show preliminary 
results arising from experimental modifications to 
the pre-patient (entry) collimator of a CT 5005 
scanner. A reduction in dose of approximately 50% 
has been achieved and is accompanied by only a 
marginal change in image quality, the noise level 
being increased by about 3 to 5%, 


Reproducibility of results 

Comparison of our results with those obtained by 
other authors would suggest that the output of 
different EMI Mk I brain scanners is remarkably 
similar. The operating parameters and measurement 
techniques of Villafana et al., (1978) most closely 
match the ones that we have used and agreement to 
within -- 12%, has been achieved in our respective 
dose estimates at nearly every measurement point 
within our standard Rando phantom, We have 
tested the reproducibility of our dose estimates for 
CT 5005 scanners by making repeat measurements 
on the same scanner under identical operating con- 
ditions and on three different scanners of the same 
type installed in Hayes, London and Manchester. 
Repeat measurements on the same scanner showed 
agreement to within +-10°%. The doses obtained at 
four positions on the phantom when examined by 
the three different CT 5005 machines are shown in 
Table IV. All measurements were in the central 
slice of seven contiguous scans made at the standard 


DOSES MEASURED ON THE SURFACE OF A RANDO PHANTOM 
TAKEN WITH THREE DIFFERENT CT 5005 SCANNERS INSTALLED 
IN DIFFERENT TOWNS IN ENGLAND (10 mGy= 1 rad). 


Absorbed dose per examination (mGy) 
Dosimeter 


location Hayes London Manchester 





Centre 
forehead : 32 


Right 

temple 3 34 
Above 

right ear ( 24 
Above 

left ear 3 17 





scan speed and were made in the area of maximum 
dose. The agreement is not so good as that seen with 
the Mk I scanner but the doses are still within 
-4-209% of the mean for all three machines. As the 
doses do not vary systematically between machines, 
differences in output between the three X-ray tubes 
cannot be responsible for the variations observed. 
No attempt was made to monitor the X-ray tube 
output directly but all three machines were operated 
at identical settings of kV and mA. The variations 
are more likely to be due to small differences in 
dosimeter location and phantom alignment since 
exact positioning of the surface dosimeters and of 
the phantom within the CT 5005 scanners is difficult 
to achieve, 


DISCUSSION 
The dose distributions in patients examined by 
computer-assisted tomography are obviously quite 
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TABLE V 


APPROXIMATE ESTIMATES FOR THE ENERGY IMPARTED TO PATIENTS BY TYPICAL EXAMINATIONS WITH EMI BRAIN AND BODY 
SCANNERS AND BY OTHER CONVENTIONAL DIAGNOSTIC TECHNIQUES, 

















l ood. _ 
Examination ‘Technique Approximate energy Reference 
imparted (mJ) 
8 slices of brain CT 5005, fast 50 
CT 5005, slow 250 
CT 1010, fast 73 
CT 1010, slow 360 
| EMI Mk I 56 
8 slices of torso CT 5005, fast 100 
| CT 5005, slow 500 
Skull Single radiograph 30 Perry and Bridges, 1973 
Lung Full size radiography 21 Bengtsson et al. 1976 
Lung Photofluorography 73 Bengtsson et al. 1976 
Stomach Barium meal 310 Bengtsson et al. 1976 
Colon Barium enema 600 Bengtsson et ai. 1976 

















different from those associated with conventional 
radiography and fluoroscopy. Attenuation across 
the body is far less from a multidirectional source of 
X rays spanning 180 deg than from a diverging beam 
incident in only one direction. Skin dose measure- 
ments or dose measurements at only a few anatomi- 
cal locations rarely provide an adequate indication of 
the relative somatic risks associated with the two 
modalities. A more useful quantity for comparing 
the general somatic effects of different dose distribu- 
tions may be the total energy imparted to the patient. 
Only a rough approximation to this quantity can be 
derived from the present data because of the lack of 
detailed knowledge of the dose distribution through- 
out the phantom. The energy imparted to the 
scanned volume alone can be calculated by multi- 
plying the mass of each phantom section that falls 
within the scanned volume by the average dose to 
that section and by summing the products. The 
average doses derived from our data for the CT 1010 
and CT 5005 are unlikely to be the true average 
doses to the sections because the limited number of 
measurement points were not necessarily uniformly 
distributed with respect to the dose distribution. 
However more detailed measurements made on the 
Mk I brain scanner, where 28 uniformly distributed 
dosimeters were used in each brain section instead of 
only nine, suggest that the average dose computed 
from the smaller number of measurements is un- 
likely to be more than 20%, different from the more 
accurate average dose calculated from 28 measure- 
ments. 

The energy imparted to the 25 mm thick sections 
on either side of the scanned volume can be esti- 
mated from the additional dose measurements that 


were made during single scans on each machine. 
The average dose to the immediately adjoining 
sections was found to be 40%, 18% and 11°, of the 
average dose to the scanned section for the Mk I, 
CT 1010 and CT 5005 scanners respectively. These 
values reflect the differences in beam width between 
the scanners and hence the amount of beam overlap 
into surrounding tissue. 

Using these assumptions approximate values for 
the energy imparted to the phantom up to 25 mm 
from the edge of the scanned volume for our 
simulated clinical examinations have been calculated 
and appear in Table V. It is furthermore assumed 
that the energy imparted to more remote parts of the 
phantom is negligible. The Rando phantom is 
modelled on an average man 5ft 9in tall weighing 
73.5 kg. The energies imparted to patients with 
physiques that differ substantially from this norm 
are likely to be different from the values quoted. 

Values for the energy imparted to patients from 
more conventional diagnostic techniques are rather 
limited at the moment. Perry and Bridges (1973) 
calculated a value of the order of 30 mJ for the energy 
imparted by a single skull radiograph, while 
Bengtsson et al., (1976) have measured energies 
imparted to patients from a variety of diagnostic 
examinations in Sweden. Some of these values are 
included in Table V to enable rough comparisons to 
be made of the relative somatic risk of computer- 
assisted tomography with more conventional tech- 
niques. Bengtsson’s results represent mean values 
for the energy imparted in a complete examination 
measured by a technique developed by Carlsson 
(1963) at 13 Swedish hospitals between 1973 and 
1975. Values for individual patients can vary by up 
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to a factor of four from the mean, depending on the 
equipment and techniques employed, the physique 
and pathology of the patient, and the skill of the 
radiologist, but as long as Bengtsson’s data are 
averaged over a representative sample of patients the 
mean values should be adequate for purposes of our 
rough comparison. 

It would appear that examination of the brain 
with the CT 5005 operated at its fast scan speed 
imparts a similar amount of energy to the phantom 
as the Mk I scanner and the CT 1010, and is 
roughly equivalent to a couple of conventional skull 
radiographs. A fast scan of the torso imparts about 
twice this energy; although this is considerably 
more than that associated with a full size chest 
radiograph it only represents about a 40% increase 
over photofluorography of the chest. The slow, high 
resolution scan-speed option, on the other hand, 
imparts about five times the energy to the patient as 
the standard scan for both machines where it is avail- 
able, This raises the dose received by the patient in 
brain scans to levels similar to those associated with 
conventional examinations like barium meals which 
involve a moderate amount of radiography and flu- 
oroscopy. For body scans the energy imparted rises 
to levels approaching those for lengthy screening 
examinations like barium enemas, It should be 
appreciated, of course, that the conventional ex- 
arminations that the brain scanners are most likely to 
replace do involve very extensive fluoroscopy and 
radiography. No data could be found for the energy 
imparted by cerebral angiography or pneumo- 
encephalography, but comparison of the skin doses 
resulting from these examinations with that from 
barium enemas would suggest that they are likely to 
impart at least as much if not more energy to the 
patient. 

Computer-assisted tomography would therefore 
seem to offer unique diagnostic information at levels 
of somatic risk similar to those currently accepted in 


conventional diagnostic radiology. It should be ap- 
preciated, however, that selection of the high ac- 
curacy scan-speed option does raise the dose received 
by the patient to levels that approach the top end of 
the conventional diagnostic range and consequently 
the need for improved picture quality should be fully 
justified for each patient before they are exposed to 
the associated increase in risk of somatic injury. 
Further improvements in the pre-patient colli- 
mator show promise in reducing the dose to the 
patient without seriously affecting picture quality. 
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ABSTRACT 

A compact cyclotron producing 15 MeV deuterons has 
been installed at the Western General Hospital, Edinburgh, 
to extend the Medical Research Council’s clinical trials of 
fast neutrons. Two treatment rooms are available one of 
which has an isocentric unit and the other a fixed horizontal 
beam which is the subject of this paper. A radiation protec- 
tion survey has demonstrated safe levels of radiation 
throughout the building although there is some activation 
of the fixed horizontal beam cone resulting in doses to 
radiographers of 10 mrem per week. The calibration of 
neutron dose is discussed and the measurements of dose 
distribution described. Isodose and depth-dose data for both 
the neutron and photon components of the field are pre- 
sented. 


Fast neutrons have been used in the control of 
malignant disease at the Medical Research Council’s 
Cyclotron Unit, Hammersmith Hospital, London, 
since 1966. Catterall (1974) presented observations 
on patients who had received fast neutron radio- 
therapy between 1969 and 1974 for advanced “radio- 
resistant” or recurrent tumours of various sites, 
whilst Catterall et al., (1975) reported the results of a 
clinical trial of fast neutrons for the treatment of 
advanced tumours of the head and neck. Recently 
Catterall et al., (1977) have shown that the benefit 
that was previously reported has been maintained. 
However, in 1973, before these analyses had been 
completed, the results of fast neutron therapy were 
sufficiently encouraging for the Medical Research 
Council, with support from the Cancer Research 
Campaign and the Scottish Home and Health De- 
partment, to approve the establishment of a new 
facility at the Western General Hospital, Edinburgh, 
specifically for fast neutron therapy and to be oper- 
ational in three years. Detailed studies showed that 
the only fast neutron source which could be guaran- 
teed as a practical therapeutic tool was a cyclotron 
and that a commercial compact cyclotron was avail- 
able which could be installed in time to meet the 
schedule. 


At Hammersmith, treatments have been hamp- 
ered by poor penetration (approximately 9 em 50°, 
depth dose) and a single fixed horizontal beam. 
Available funds did not permit a higher energy 
machine at Edinburgh but did allow the provision of 
a steerable neutron beam and two treatment rooms. 
The steerable isocentric neutron facility offered com- 
mercially was of an untried design; to guarantee 
meeting the date for the start of therapy, a fixed 
horizontal beam duplicating that at Hammersmith 
was provided in one of the treatment rooms. This 
would allow for some further development time, if 
that were needed, to bring the new isocentric¢ design 
into operation. 

The equipment chosen was the model C530 
cyclotron manufactured b) the Cyclotron Corpor- 
ation, Berkeley, California, USA, which is designed 
to accelerate protons to 28 MeV, deuterons to 
15MeV, helium—3 ions to 40MeV and helium 
—4 ions to 30 MeV. For the production of fast 
neutrons the deuteron beam is used with a beryl- 
lium target. The beam transport system includes a 
switching magnet so that the deuteron beam may 
be directed either into the treatment room contain- 
ing the fixed horizontal neutron beam facility, or 
into that containing the isocentric steerable neutron 
beam equipment. The maximum beam current 
which can be achieved on either target is 100 pA. 

The first patients were treated with the fixed 
horizontal beam in March 1977, three years and two 
months from the completion of the plans for both 
the building and the cyclotron. This paper describes 
the initial radiation protection and dosimetric work 
carried out before commencement of treatment of 
patients with the fixed horizontal beam. Detailed 
considerations of the isocentric unit will be the 
subject of a later publication, although provisional 
data have been presented by Williams et al. (1978). 
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The fixed horizontal beam cone. 


Fixen HORIZONTAL Bram 

The design of the fixed horizontal beam is shown 
in Fig. 1 and is a modified version of that used at 
Hammersmith (Bewley & Parnell, 1969 Bewley, 
1970), In the shielding, use is made of hydrogenous 
materials and high purity iron. Iron is used to reduce 
the energy of high energy neutrons by inelastic 
scattering, and hydrogenous materials are used 
to attenuate lower energy neutrons by elastic 
scattering with the hydrogen nuclei. In selecting the 
iren, care was taken to minimize the levels of non- 
ferrous materials in an attempt to reduce the radi- 
ation exposure of personnel due to induced radio- 
activity in the shield. In particular manganese was 
avoided as the thermal-neutron capture reaction 
Mn (n, y) Mn for which the cross section is large 
(about 13 barn) produces a product which decays with 
a half life of 2.58 hours and emits gamma radiations 
with energies of 0.85, 1.81 and 2.11 MeV. The 
shielding adjacent to the aperture into which the 


interchangeable collimators are inserted consists of 
alternate layers of polythene and iron, the design 
being based on measurements of the attenuation 
properties of multilayer shields for 14 MeV neutrons 
as described by Greene and Thomas (1969) and 
Maruyama and Bouts (1972). The remainder of the 
cone is filled with pellets of iron embedded in 
borated paraffin wax. 

Following installation of the shielding cone three 
further measures were taken in order to reduce the 
levels of induced activity in the cone and the re- 
sulting dose to personnel working in the treatment 
room. 

(i) The remaining space around the monitor ion- 
ization chamber and field light assembly within the 
cone was filled with paraffin wax and boric acid to 
provide extra attenuating material between the tar- 
get and the shielding cone. 

(ii) The wall area surrounding the cone was 
covered with lead 1.25 cm thick and the back plate of 
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the cone with lead 2.5 cm thick to provide shielding 
against any activity induced in the concrete at the 
edge of the cone. 

(iii) A panelled wood cover was installed to im- 
prove the appearance of the room and to increase the 
distance of personnel from any induced activity in 
the cone. 

Patients are treated at 125 cm FSD with the 
distance from the end of the collimator to the surface 
of the patient being 33 cm. The field size is defined 
by interchangeable cellimators manufactured from 
high density compressed wood. Two types of mat- 
erial have been used: Japroc N (Permali) and Bene- 
lex (Masonite Corporation). Both materials have a 
density of 1.39 g cm and there is no significant 
difference in their beam defining properties. To 
achieve the required attenuation each collimator is 
64 cm long, and in order to construct a collimator 
large enough to define a field size of 21 x 21 cm at the 
treatment distance, an end diameter of 23 cm is re- 
quired. If a cylindrical collimator were produced to 
define the smallest field size required (6 x 6 cm), the 
total weight of the collimator would be 36 kg. To 
reduce this weight to a more manageable level an 
interlocking system of collimators and sleeves has 
been devised as shown in Fig. 1. 

The housing into which the collimators fit has two 
cross-sections, the outer section having a diameter of 
23 cm and the inner section, which is 27 cm long, 
having a diameter of 13.5 cm. The largest collimators, 
which are those defining a field size with an area 
greater than 330 cm?, fit directly into the housing. 
Intermediate collimators, which define fields with 
areas between 122 cm? and 330 cm2, fit into an outer 
sleeve of collimator material which can be placed 
into the collimator housing separately. Small colli- 
mators for field areas less than 122 cm? require a 
second sleeve which fits into the outer sleeve. In this 
way the individual sleeves and collimators weigh less 
than 19 kg (2121 cm field) and the small colli- 
mators weigh approximately 7 kg. At present, 12 
sizes of collimator are available which can also be 
used in the isocentric unit. To increase the total 
number of field sizes which can be used, collimator 
inserts are provided. These are tapered sections of 
compressed wood which fit down the edge of the 
collimator thus effectively reducing the field size. 

Wedge filters are also available. These are con- 
structed of polythene containing approximately 
0.5% of boron. They are positioned at the treatment 
end of the collimator system and there is an interlock 
system which requires the radiographer to confirm 
the wedge angle at the control desk before treatment 
can commence. Three wedge angles are available 


which are nominally 25, 35, and 45 deg. The wedges 
reduce the dose-rate by factors ranging from 1.83 for 
the 25 deg wedge to 2.72 for the 45 deg wedge. 
These wedge factors were considered to be in- 
conveniently high and in order to reduce them for 
the small collimators a second set of wedges were 
made having lower wedge factors which are 1.64 for 
the 25 deg wedge and 2.03 for the 45 deg wedge. 
The wedge holders have been designed so that it is 
not possible to fit the wrong wedge toa given colli- 
mator. 
RADIATION PROTECTION 

Figure 2 shows a plan of the building which is 
sited as an extension to the Radiotherapy Institute of 
the Western General Hospital. The basic shielding 
around the cyclotron and treatment rooms consists 
of concrete walls two metres thick. Some parts of the 
labyrinth walls are thinner, but the total shielding 
is at least two metres. The entrance to each labyrinth 
is protected by a barrier which is interlocked with 
the cyclotron control system. 

Neutrons are produced in each room by bombard- 
ing a thick beryllium target with 15 MeV deuterons. 
For the fixed horizontal beam this target is located in 
the wall separating the treatment room from the 
cyclotron vault whilst for the isocentric unit the 
target is located in the shielding assembly which 
forms part of the rotating gantry. 

Following the installation of the cyclotron and the 
commissioning of the two beam lines, a survey of 
stray radiation levels around the unit was under- 
taken using two different operating conditions. 
First the deuteron beam was incident upon an alu- 
minium beam stop located immediately in front of 
the switching magnet, a condition which produced 
maximum radiation levels within the vault. Radi- 
ation measurements were made in areas adjacent to 
the vault on the ground floor, in the basement be- 
neath the cyclotron control room and in the first 
floor plant room located above parts of the treatment 
rooms and cyclotron vault. Second, during neutron 
production in one treatment room, radiation meas- 
urements were carried out in the areas adjacent to the 
treatment rooms and in the room not in use. 

Measurements were carried out using a 8-y dose- 
rate meter type 0500 (Nuclear Enterprises Ltd.) and 
a neutron dose-equivalent rate meter type NM1 
(Nuclear Enterprises Ltd.). In addition, following 
the commencement of fast neutron therapy, doses 
accumulated during a four week period were deter- 
mined at various locations around the unit using B~y 
film badges and fast neutron track emulsions sup- 
plied and processed by the National Radiological 
Protection Board. 
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Ground floor plan of the Cyclotron Unit showing the positions of the radiation survey. 


The initial survey showed that no neutron radiation 
greater than 0.1 mrem/h could be detected in the 
building during cyclotron operation, with the ex- 
ception of levels of approximately 0.25 mrem/h at 
the entrances to the two treatment rooms. These 
levels were confirmed by the accumulated neutron 
dose measurement. The results of the initial y-ray 
dose-rate measurements integrated over a period of 
40 hours, the estimated time the cyclotron was oper- 
ational during the survey period, are shown in 
‘Table L Dose-equivalents of less than 0.02 rem were 
recorded by the film badges in all the positions 
which could be surveyed showing a good agreement 
between the two sets of results. The difference in 
dose levels at the vault door occurred because the 
dose-rate measurements were made with the beam 


incident on the beam stop which is situated directly 
behind the door, while during a four week period 
only a small fraction of time is spent in this condition. 
These results indicate that the radiation levels with- 
in the building are well within the limits for oc- 
cupationally exposed workers. 

Activation of the materials in the cone and the 
other areas close to the neutron target does cause 
some exposure to personnel working within the 
treatment room. During the first six months of 
treatment the dose to radiographers involved in the 
fast neutron therapy programme was approximately 
0.12 mrem per field treated, with the average weekly 
dose being 10 mrem. No measureable build-up of 
long-lived radioactivity in the shielding cone was 
observed during this period. 
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TABLE I 


GAMMA RADIATION LEVELS AROUND THE MRC CYCLOTRON 
UNIT, EDINBURGH 




















Initial dose-rate 
integrated over 40 hr 
| Position (rem) 
A. Vault door 0.06 
B. Vault wall 0.01 
C. Control room 0.01 
D. Mechanical workshop < 0.004 
E. North corridor < 0.004 
F. Beam control console 0.01 
G. Entrance to isocentric 0.01 
treatment room 
H. Entrance to fixed horizontal 0.02 
beam treatment room 
I. Patients waiting area < 0.004 
J. Isocentric treatment 0.02 
room wall (south) 
K. Fixed horizontal beam 0.02 
treatment room wall (north) 
| E EATE K y S, SNERO EAEAN I ARINE TER 
Basement 0.02 
Plant room (1st floor) < 0,004 
É 





DOSIMETRY METHODS 

Fast neutron dosimetry is complicated by the 
presence of photons produced by interactions in the 
target, the collimator and the patient or other scat- 
tering media. The contribution of photons to the 
total absorbed dose varies between approximately 
3% in air on the central axis of the beam to greater 
than 50% outside the main beam in a tissue equiva- 
lent medium. Since the RBE for neutrons and 
photons are very different the absorbed dose due to 
each component should be estimated separately. 
Problems of mixed beam dosimetry have been dis- 
cussed in detail elsewhere (e.g., ICRU 1977). The 
method that has been adopted here to obtain neutron 
absorbed dose is to measure the total dose using a 
homogeneous tissue-equivalent ionization chamber 
and to subtract the photon contribution which is 
measured separately with an energy-compensated 
Geiger-Miiller counter. 

The tissue-equivalent chamber used as a cali- 
bration standard is a gas-flow type with a nominal 
collecting volume of 0.5 cm? (Exradin Inc.). Both 
the chamber wall and the collecting electrode are 
made from tissue-equivalent conducting plastic, 
A-150, whose composition has been given by 
Smathers et al. (1977). This composition is closely 
matched in terms of hydrogen and nitrogen content 
by the gas used in the chamber, which is a mixture of 
methane, carbon dioxide and nitrogen, 64.4%, 
32.2%, and 3.4%, by partial pressure respectively. 
During irradiation the charge produced in the 


201 


chamber is measured using a digital electrometer 
(model 616, Keithley Instruments Ltd.). In order to 
measure the volume of the chamber it is calibrated in 
a 4 MV X-ray beam against a secondary standard 
dosemeter calibrated at the National Physical Labor- 
atory, Teddington. 

Following irradiation the total absorbed dose in 
tissue (ICRU muscle, ICRU 1964) can be calculated 
from the charge collected (Qr) in the neutron beam 
by the following relationship: 

Wy (Sm,¢)N i Ky . (Hen/p)m y X eCa . 
We (Smgde Km (Hen/p)H.0 Qe 
where subscripts N, c refer to a neutron beam and 
the calibration beam respectively, 

subscript T refers to the mixed radiation beam, 


subscripts t & m refer to tissue and the wall material 
of the chamber respectively, 





(Drk = Qr 


Wy; We are the average energies required to produce 
an ion pair in the gas for neutrons and the 
calibration radiation respectively. 

(Sm,g)n, (Sm,g)c are the mass stopping power ratios 
of the wall to gas materials for the neutron and 
calibration radiations respectively. 

Ki/Km is the ratio of the kerma in tissue to the 
kerma in the wall material calculated for the 
spectrum of the neutron beam. 

(uen/p)m/(Hen/p)H,0 is the ratio of the mass energy 
absorption coefficients in the wall material and in 
water for the calibration beam of photons. 

O./X¢ is the charge collected per unit exposure in the 
calibration beam. 

Ca is the factor required to convert exposure to 
absorbed dose in water for the calibration beam. 
Systematic errors in the measurement of total dose 

are due to the uncertainties in the constants used in 

this equation. Table II lists the values of these 
constants which have been used. It has been assumed 
that the chamber is homogeneous so that the ratio of 
the mass stopping powers of the wall and gas 
materials is 1.0. However, it should be noted that 

Sautter and Zimmerman (1965) and Williamson and 

Watt (1972) have shown that the mass stopping 

power of photons and alpha particles in hydro- 

carbons does depend on the physical state of the 
material and that (Sm¢)~ may be less than 1.0. Due 
to the uncertainty in these data and the lack of 
knowledge of the secondary particle spectrum as- 
sociated with neutrons, it has been recommended 
that a value of 1.0 should be used at the present time 

(ICRU, 1977). In calculating the kerma ratio, the 

neutron energy spectrum has been assumed to be the 

same shape as that measured by Parnell (1972) with 
the neutron energies degraded by the ratio of the 
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TABLE H 
CONSTANTS USED IN NEUTRON DOSIMETRY 








Reference 


ICRU (1977) 


Quantity 


ICRU (1977) 











Storm & Israel 


(e) (8) 26 (1970) 


Ca f 


energy of the deuteron beam (15 MeV) to that used 
by Parnell (16.7 MeV). 

The Geiger-Müller counter used to measure the 
photon contribution is a Mullard MX163 which is 
surrounded by a tin/lead filter to give an approxi- 
mately uniform energy response above 200 keV 
(Wagner and Hurst, 1961). The response of the 
counter to fast neutrons relative to its response to 
photons, ky, is very low. Recent measurements by 
Hough (1977) using a modification of the lead at- 
tenuation technique described by Attix et al. (1975) 
have shown that ky=~0.0074-+0.0007 for neutrons 
produced by 16.7 MeV deuterons on a beryllium 
target, which is the value that has been used in this 
work. The photon calibration of the GM counter 
was made using a 137Cs source. 

For measurements of dose distribution in a water 
phantom a smaller tissue equivalent chamber was 
used in order to give good spatial resolution. This 
chamber has an approximate volume of 0.1cm3 (EG 
& G type 1C18) and was used with the GM counter 
previously described. The GM counter has a high 
sensitivity to thermal neutrons and, in order to 
overcome this, a ®Li shield was placed round the 
tube. SLi has a high thermal-neutron absorption 
cross-section and capture is not accompanied by 
prompt y emission. 

Measurements of depth doses and cross beam data 
were made in a 40x40x40 cm Perspex-walled 
water phantom using the computer controlled dosi- 
metry system described by Bottrill et al. (1975). 
Some modifications of this system had to be made in 
order to make it suitable for use with the neutron 
beam rather than with high energy X rays for which 
it was designed. Because of the lower dose-rates and 
depth doses, the ionization currents encountered in 
the fast-neutron beam isodose measurement pro- 
gramme were lower than those for a high energy 
X-ray beam, The original equipment was found to 
be unsuitable at these low currents (of the order of 
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Fic. 3. 


Cross plot of 11 11 cm field at 125 cm FSD in air using a 
tissue equivalent ionization chamber. 


1 pA) so that a more stable and sensitive comparator 
unit was built. In addition the GM counter signal 
had to be converted to a signal suitable for input to 
the computer and to do this a ratemeter circuit was 
incorporated into the modified unit. Changes also 
had to be made to the data acquisition programme. 
The design of the ionization chamber and the water 
tank prevented measurements being made at a depth 
of less than 13 mm. Since the maximum dose occurs 
at approximately | mm deep the programme had to 
be altered to extrapolate the measurements to the 
surface. 

The total time required to measure the data for 
each field condition was greater than the average of 
three minutes reported by Bottrill et al. (1975) for a 
linear accelerator. They used sampling times of 
approximately 200 ms at each data point, which 
gives an overall measurement time for each field of 
34 s. This is small compared with the time taken to 
move the chamber to each point together with a 
250 ms pause before sampling to allow for the re- 
sponse time of the dose measuring system. For 
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neutrons the sampling time has to be much greater. 
Sherwin (1974) discussed the statistical fluctuations 
in ionization chamber current which depend upon 
the quality of the primary radiation. He showed 
(Sherwin, 1976) that for 252Cf neutrons the co- 
efficient of variance of the ionization current was 16 
times greater than for 6°Co y rays. For the reasons 
previously stated the ionization chamber currents 
encountered in the neutron beam are typically a fifth 
of those for an X-ray beam. It can be shown that this 
increase in the coefficient of variance and the de- 
crease in magnitude of the ionization current requires 
80 times as many samples to be taken at each data 
point to achieve the same variance of the mean as 
found for the X-ray beam. In practice it was found 
that an increase in the number of samples by a factor 
of 30 was sufficient to achieve acceptable data, that is 
the time per sample was 6 s and the total time for 
each field condition was about 20 min. A similar 
time was required for the isodoses measured using 
the GM counter. 





30 40 50 
DISTANCE OFF AXIS «cm 


Fic. 4. 
Neutron and y ray profiles for 11 11 cm field at 125 cm FSD. 


To correct for the lack of attenuation in the gas 
cavity of the ionization chamber the centre of meas- 
urement in the phantom was assumed to be three 
quarters of the radius of the cavity in front of the 
geometric centre of the chamber {Mijnheer et al. 
1975). 


Dose DISTRIBUTION 

Measurements in air 

The effectiveness of the shielding cone and colli- 
mators at the treatment distance of 125 cm from the 
target was measured in air. Figure 3 shows a cross 
plot of an 11x11 cm collimator made using a tissue 
equivalent chamber. The measured 50%, width was 
10.8 cm and the penumbral width expressed as the 
distance between the 10% and 90% decrements 
was 0.9 cm. Outside the main beam the efficiency of 
the shielding was investigated using a 287Np fission 
chamber and a GM counter to measure the neutron 
and y components of the leakage radiation respect- 
ively. Measurements were made up to a distance of 
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$0 cm perpendicular to the central axis and the re- 
sults normalized to the total dose on the central axis 
are shown in Fig. 4. The neutron dose falls to 1% ata 
distance of 5.5 cm from the beam edge. At 50 cm 
from the central axis the neutron dose is 0.28% and 
the y dose 0.22% of the total dose on the central axis, 
i.e. the photon contribution to the total dose is 44%. 
At the standard treatment distance of 125 cm FSD 
the total dose-rate in air on the central axis was 0.445 
rad min uA with a y contribution of 3.0%% for an 
11x 11 cm field. As stated previously, the maximum 
deuteron beam current is 100 pA. At present for 
radiotherapy a reduced beam current of 70 pA is 
used in order to reduce the power dissipation in the 
target and therefore to increase target life. This gives 
an approximate total dose-rate of 30 rad min™!. The 
variation of y contamination with equivalent square 
field area is shown in Fig. 5. To convert the area of a 
rectangular field to the equivalent square area it was 
assumed that the methods used in conventional 


100 200 500 
FIELD AREA (em) 
Fig. 5. 
Variation of photon dose expressed as a percentage of total (neutron +y) dose with field'area. 


photon therapy may be used for neutrons, that is 
that the side of the equivalent square field equals 
2NM)|(N-+-M) where N and M are the sides of 
the rectangular field. To test this relationship for 
neutrons the variation of the total dose per monitor 
unit in air with equivalent square field area was meas- 
ured for field sizes in which there was a wide range in 
the ratio N:M. The results, given in Fig. 6, show 
that no significant error will be introduced by using 
the method of equivalent squares. 

Parnell et al. (1972) calculated that the neutron 
dose-rate produced by deuterons on a thick beryl- 
lium target was 0.00027 (Ea)? rad min “ipAnt 
where Ea MeV is the energy of the deuteron beam 
and the dose-rate is measured at 125 cm FSD using 
a 5x5 cm field. For the 15 MeV deuteron beam the 
expected dose-rate is therefore 0.404 rad min~1yA7l. 
Using the data from Figs. 5 and 6 the measured 
total dose-rate for an 1111 cm field can be con- 
verted to the neutron dose-rate for a 55 cm field, 
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Variation of total dose-rate in air with equivalent field area at 125 cm FSD. Equivalent field area is calculated! as 
[2NM/(N+-M)]* where N and M are the sides of the rectangular field. 


and the resulting dose-rate is 0.408 rad min “iu A~ t, 
in excellent agreement with the predicted value. 


Measurements in phantom 

The dose build-up close to the surface was meas- 
ured using a thin-window parallel-plate chamber 
and sheets of tissue equivalent (A-150) plastic and 
the maximum dose was found to occur at a depth of 
1.5 mm with the 90% build-up occuring at a depth 
of 0.4 mm. 

Depth-dose data for total dose and photon dose 
are shown in Tables II] and IV. These data are 
based on the measurements at 15 field sizes bet ween 
4x7 cm and 21 x 21 cm at depth intervals of 1.8 cm. 
The data presented were interpolated from the 
measured data which were smoothed with depth and 
area. For clinical work photon doses are quoted as a 
percentage of the total dose at the surface of the 
phantom on the central axis. It is not possible to 
measure this directly since the depth of maximum 


build-up is small compared to the dimensions of the 
ionization chamber and the GM counter. To esti- 
mate the surface photon contamination, measure- 
ments of total and photon dose were made at a depth 
of 5 cm in the phantom. From these measurements 
the doses at the surface were calculated using the 
appropriate depth dose data, and the y contamination 
was given by: 

Aa(5,A) Dx(3,A) 

Dg(5,A) 44(5,A) 
where J'(0,A) is the y contamination at the surface 
of the phantom for a field of area A cm®, 

4Aa(5,A); 47(5,A) are the y and total doses per moni- 
tor unit respectively at a depth of 5 cm on the 
central axis for a field of area A cm2, 

De(5.A); Dr(5,A) are the y and total dose central 
axis percentage depth doses respectively at a depth 
of 5 cm for a field of area A cm?, 

However, the basic calibration of the monitor unit is 


T(0,A)= 
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Isodose curves for 6 X6 cm and 11 x11 cm unwedged fields. (Left: neutron dose distribution; 
Right: photon dose distribution). 
TABLE HI TABLE IV 
PERCENTAGE DEPTH-DOSE DATA (NEUTRON DOSE) AT PERCENTAGE DEPTH-DOSE DATA (GAMMA DOSE) AT 125 CM 
125 cm FSD FSD 
pa i P 
| | Field size em x cm Field size cm X cm 
| Depth (cm) | 6x6 8x8 10x10 12x12 15x15 20x2 Depth (cm) | 6x6 8x8 10x10 12x12 15x15 dale 
es mene hi iiei oe Ee ess Rasa alent oe 
1 95.6 95.9 96.1 936.2 96.2 96.2 1 96.7 97.7 98.4 99.2 100.3 101.9 
| 2 | 90.5 91.3 91,7 91.9 92.0 92.0 2 93.5 95.3 96.9 984 100.4 103.6 
| 3 1 83.1 844 85.1 85.6 86.0 86.3 3 90.3 92.9 95.2 97,3 100.2 104.4 
| 4 | 75.7 77.5 78.6 793 801 80.7 4 87.0 90.3 93.3 96.0 99.6 104.8 
i 5 | 68.3 70.5 71.9 7330 744 754 5 83.5 87.5 91.1 94.3 98.5 104.6 
| & 61.2 63.8 65.5 66.7 68.1 69.5 6 79.9 84.6 88.6 92.2 96.9 103.7 
1 7 54.4 57.2 59,2 60.6 62.2 64.0 7 76.2 81.5 860 90.0 95.0 102.4 
i 8 | 48.3 51.3 534 55.0 56.7 58.7 8 72.6 78.3 83.1 87.2 92.6 100.3 
9 | 424 45.5 47.7 494 5412 535 ) 75.0 80.1 84.4 90.1 98.1 
| t0 137.6 406 42.8 44.5 46.5 488 71.6 76.8 81.2 86.9 95.2 | 
; 12 29.2 32.0 34.1 35.7 37.7 40.1 64.6 69.8 743 80.2 88.6 
14 22.6 25.4 27.0 28.6 304 32.8 57.6 62.6 66.9 72.8 81.41 
16 17.7 19,8 21.3 22.8 244 26.6 51.1 556 596 65.41 73.3 
, 13.8 15.5 17.0 182 196 21.6 45.2 49.3 52.9 57.7 65.1 
| 20 11.0 12.3 13.5 14.6 15.9 17.6 40.0 43.6 46.7 51.0 57.7 
Laverne 
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Fic. 8. 
Isodose curves of neutron dose for 6 x6 cm and 11 x 11 cm fields with 35 deg wedge. 


made for an 11 x 11 cm field at a depth of 5 cm and, 
therefore, it is necessary to relate the gamma con- 
tamination at the surface to that measured for the 
calibration conditions. To do this two variables are 
defined, G (5,A) and 7(5,A), which are the y and 
total doses per monitor unit respectively at the 
reference depth normalized to the doses for an 
11x 11 cm field at that depth, viz: 


; 4e(5,A) «ay. 40(5,4) 
G(5,A)= Ag(5,121) and TS.A)= AS 131) 


and therefore the y contamination at the surface for a 
field of area A cm? is given by: 





G(5,A) De(5,A) o., 
P(0,A)= TGA) Do(5,A) P(5,121) 
4¢(5,121) 
where 1°(5,121)== 3(5,121) 


and is the y contamination on the central axis for 
the calibration conditions. 


I (0,A) is plotted against equivalent field area in 
Fig. 5. 

A selection of isodose curves for plain and wedged 
field is shown in Figs. 7 and 8. 
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Book review 


Recent Advances in Ultrasound in Bio-Medicine, Volume 1 
Editor D. N. White, pp. 256, Illust., 1977. (Research 
Studies Press, Oregon), $24.95. 

My initial impression of this book was unfavourable since 
in the interest of speed it has been produced by the camera 
ready process, and a great deal of the content is written by 
and for physicists and engineers. 

"The book is intended to give the reader a fairly broad 
view of recent technical developments in the field of ultra- 
sound equipment which may be expected to lead to ultra- 
sound tissue characterization within the not too distant 
future. In addition to this, a number of other exciting 
developments including complex transducer design and 
acoustic holography have been included. 

The first seven chapters give an exciting insight into a 
number of research projects concerning the interaction be- 
tween ultrasonic waves and biological tissues. The limited 


clinical results included in some of these reports look ex- 
tremely encouraging. The eighth chapter is a review of the 
type of image which can be obtained from current grey scale 
equipment. Unfortunately, the half tone images have not 
reproduced well but the chapter is nonetheless of value. 
Chapter nine is probably the weakest chapter in this book 
since it describes early results with one of the linear array 
scanners which by current standards must be regarded as 
rather primitive, The final chapter is a theoretical discussion 
of holography and I was disappointed to find that no clinical 
results or images have been included in this section, 

The physician performing ultrasound examinations will 
probably not find this book digestible but those who are 
able to understand much of the physics within it will find 
this a very interesting, even exciting, addition to the 
literature. 

H. B. MEIRE. 
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ABSTRACT 

The response of six types of mouse tumour to single doses 
of X rays alone or to X rays in combination with moderate 
hyperthermia (42.5°C/60 min) has been assessed using 
delay in tumour regrowth, Thermal sensitization was ob- 
served in five of the six tumours. The degree of sensitization 
varied with the size of the X-ray dose, being larger at higher 
doses. The degree of sensitization also depended on the 
sequence and separation of the heat and irradiation. 

The thermal sensitization has been measured in terms of 
the X-ray doses to produce the same level of tumour damage 
with or without heat, i.e. thermal enhancement ratios. These 
TER values, measured for X-ray doses in excess of 20 Gy, 
are not greater in any of the tumours than in a range of 
normal tissues, if the X rays and heat are given in close 
succession. 

Separation of the heat and X rays reduces the TER values 
slightly, but some effect is still apparent at 3~24 hours. In 
normal tissues the effect of heat is totally lost within four 
hours. Comparison of these tumour data with published 
normal tissue data indicates a therapeutic advantage if the 
heat and X rays are separated by more than one hour. This 
therapeutic gain is most reliably achieved with heat given 
after irradiation. 


Animal studies have shown that moderate hyper- 
thermia when combined with radiation may be more 
effective than radiation alone in the palliation or 
control of malignant tumours (Crile, 1963; Over- 
gaard and Overgaard, 1972; Robinson et al., 1974; 
Yerushalmi and Har-Kedar, 1974; Thrall et al., 
1975). However, thermal sensitization to the effect 
of X rays is also observed in normal tissues (Robin- 
son et al., 1974; Thrall et al, 1975; Field et al., 
1977; Stewart and Denekamp, 1977). Therefore in 
order to assess any clinical potential of a combined 
heat and X-ray treatment, the relative sensitivities of 
malignant and normal tissues must be compared. 
Several normal tissue studies have demonstrated 
that thermal sensitization is greatest when heat is 
given simultaneously with, or immediately before or 
after the X rays, and gradually decreases as the 
interval between the two treatments increases 
(Stewart and Denekamp, 1977; Law et al., 1977; 
Myers and Field, 1977; Hume and Field, 1978). In 
experimental tumours however, the picture is not 
quite so clear; when heat follows the X-ray dose, the 
thermal sensitization has been reported to decay 
more slowly (Stewart and Denekamp, 1978), or even 
to remain constant over a 48 hour interval (Over- 


gaard, 1977). 


The present study is an investigation of the ther- 
mal sensitization achieved in six types of mouse 
tumour with combined heat and X rays, and the 
effect of varying the sequence and interval between 
the two treatments. These data can be directly 
compared with those for mouse skin which were 
obtained under the same experimental conditions 
(Stewart and Denekamp, 1977) in order to assess 
the therapeutic gain and the possibility of an opti- 
mum treatment schedule. 


MATERIALS AND METHODS 

Six types of transplantable mouse tumour were 
studied, varying in tissue of origin, growth rate and 
degree of differentiation. All were of spontaneous 
origin in either WHT/Ht or CBA/Ht mice, and were 
maintained by subcutaneous implantation in the 
strain of origin. 

The tumours were implanted under Penthrane 
anaesthesia, subcutaneously by trocar, on the ventral 
thorax of 8-12 week-old mice, except in the case of 
the anaplastic MT2 tumour which was implanted 
over the sacral region of the back. The tumours were 
monitored regularly until they reached a mean 
diameter of 5-6.5 mm, at which time they were 
selected for treatment and randomly allocated to 
X rays alone or combined heat and X rays. 

‘The mice were anaesthetized with 60 mg/kg 
sodium pentobarbitone 10 min before irradiation 
and/or heating in a precision controlled, circulating 
water bath (accuracy +-0.05°C), at a temperature of 
42.8°C, During heating, the mice were lightly taped 
into lead and Perspex irradiation jigs, and suspended 
on the surface of the water with the tumour im- 
mersed. The temperatures of sample tumours were 
monitored with a 29 gauge thermocouple probe and 
found to stabilize at 0.2-0.3°C lower than the water 
bath temperature, within 5-15 min of immersion. 
Variations in temperature across the tumour volume 
were not more than 0.1°C. These sample tumours 
were not included in the experiments. Heating was 
always for a period of 60 min and was applied at 
intervals between 0 and 24 hours before or after the 
X-ray dose. 
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DAYS AFTER IRRADIATION 
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Growth curves for untreated and treated tumours (squamous 

carcinoma D). Each curve represents the mean of a group of 

animals (number shown in brackets) with the vertical bars 

representing +1 standard error of the mean. Solid lines are 

for X rays alone. Dashed lines are for X rays followed im- 
mediately by one hour at 42.5°C. 


HEAT IMMEDIATELY AFTER X-RAYS 


DAYS TO REGROW 5:5- 10mm. DIAM. 


Irradiations were performed using 240 kV X rays 
at a dose-rate of 2.4 Gy/min (0.25 mm Cu+1 mm Al 
filter; HVL 1.3 mm Cu). Four mice were irradiated 
simultaneously and turned through 180 deg. half- 
way through the irradiation, to ensure uniform dose 
throughout the tumour mass. Groups of 5 to 17 
animals were treated at each dose over a range of 
X-ray doses, with or without added heat. 

After treatment, the squamous carcinomas D, Ca 
NT” and the sarcomas F and MT2 were measured 
three times per week using vernier callipers over 
three perpendicular diameters until they reached 
12 mm average diameter, at which time the mice 
were sacrificed. The two slower-growing tumours, 
the slow sarcoma S and the slow Rh carcinoma 
(volume doubling time more than six days) were 


425°C / 60 min. 





DOSE (GRAY) 
Fie. 2. 


Dose response curves for radiation induced delay in tumour growth for six different types of mouse tumour 

treated with X rays alone or X rays followed by one hour at 42.5°C, =X rays alone. (\=X rays and heat. 

The hatched areas represent the range indicated by +1 SEM. A significant thermal sensitization is present 
where there is a clear space between the two hatched areas. 
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measured weekly. The number of days taken to grow 
to a size 4.5 mm larger than the size at irradiation 
(i.e. 5.5 to 10 mm mean diameter, equivalent to 
2.5 volume doublings) was calculated for each 
tumour. From these individual regrowth times a 
mean regrowth time and standard error of the mean 
could be calculated for each dose group, and plotted 
against the dose of X rays. 


RESULTS 

Figure 1 shows a series of growth curves for the 
squamous carcinoma D treated with single doses of 
X rays, or with X rays followed immediately by one 
hour’s heat. Growth curves for animals which 
received no treatment or one hour’s exposure to heat 
alone (42.5°C) were not significantly different. 
Tumours irradiated with increasing X-ray doses 
showed an increasing delay in regrowth. When the 
heat and X-ray doses were combined, longer re- 


WHT SQUAMOUS CARCINOMA `D 
HEAT BEFORE X- RAYS 


42 5°C / 60min. 


DAYS TO GROW 5-5 -10mm DIAMETER 
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growth delay was seen than with X rays alone, 
indicating significant thermal sensitization. To con- 
struct dose response curves the time for each tumour 
to grow from a treatment size of 5.5 mm to 10 mm 
mean diameter (or equivalent) was estimated and the 
mean delay for each treatment group was plotted 
against X-ray dose. 

Figure 2 shows the dose response curves for all six 
tumours treated with X rays alone or with X rays 
followed immediately by one hour’s heat. The area 
contained by the error bars on each point has been 
hatched to make it easier to determine when there is 
a definite separation of the two sets of data; a white 
space between the lines indicates that there is a 
significant thermal enhancement. In each tumour 
there is little or no sensitization at low X-ray doses, 
but at higher doses the curve for X rays alone breaks 
towards a more resistant response, whereas the curve 
for heated tumours does not. The “‘break-point” is 


WHT SQUAMOUS CARCINOMA `D' 
42:5°C/ 6Omin. HEAT AFTER X-RAYS 








O 10 20 30 400 10 20 30 40 


DOSE (GRAY) 


Fic. 3 


Dose response curves for squamous carcinoma D treated with X rays alone ($) or with X rays and heat (^) applied 

at the stated intervals before or after irradiation. The hatched area represents the range from +1 SEM. The points 

for X rays alone ($) are only shown in the first of each set of panels; thereafter the hatched area is reproduced 
without points. 
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Dose response curves for the mammary carcinoma NT”, treated with X rays alone or with X rays and heat 
applied at the stated intervals before or after irradiation $ — X rays alone. (\=X rays plus heat (42.5°C/1 hour). 


believed to represent the transition from well 
oxygenated to hypoxic response (Thomlinson and 
Craddock, 1967). At higher doses four of the tumours 
(squamous carcinoma D, fast sarcoma F, slow sar- 
coma S and the mammary carcinoma NT”) show a 
definite separation of the two hatched areas, indicat- 
ing a significant thermal enhancement. The ana- 
plastic MT2 tumour does not show a significant 
sensitization by heat, although the heat-treated 
groups all showed a longer delay than those treated 
with X rays alone. In this tumour heat alone caused 
some growth delay, unlike the other tumours. Only 
one of the tumours tested, the slow Rh carcinoma, 
showed no thermal enhancement at any of the dose 
levels tested, but it is possible that these studies did 
not extend to a high enough X-ray dose. 

The thermal enhancement ratios (TER) which 
can be measured from these curves are very depend- 
ent on the dose level at which they are calculated. 
TER’s ranging from about 1.0 (slow Rh carcinoma) 


to about 1.6 (squamous Ca D and MT2 tumours) 
can be measured above an X-ray dose of 20 Gy on 
the control curves. 

Figures 3 and 4 show the response of the squamous 
carcinoma D and the carcinoma NT” to a constant 
heat dose of 42.5°C for 60 min, applied at various 
intervals before or after irradiation. In the squamous 
carcinoma D (Fig.3), when heat was applied before 
irradiation, there was significant thermal sensitiza- 
tion at each of the time intervals tested as evidenced 
by the clear separation of the two hatched areas; 
however, there is scatter on the data and the errors 
are large, making it difficult to measure accurate 
thermal enhancement ratios. The large errors are 
mainly due to the presence of locally controlled 
tumours in many of the heat-treated groups; such 
tumours were included in the analysis as 60 days 
delay, as this is the latest time at which a recurrent 
tumour has been observed. Heat-treated tumours 
fell into two categories, even in the same batch of 
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mice; tumours which responded only slightly better 
than those treated with X rays alone and tumours on 
which the treatment was very effective. 

When heat was applied after irradiation to Sq Ca 
D the data are again scattered and show large errors. 
Only when the heat dose was applied immediately 
after, or at an interval of two hours after irradiation, 
was there a significant thermal enhancement at all 
dose levels above the ‘‘break-point” at 10 Gy; at all 
other intervals the data are ambiguous, suggesting 
an enhancement at some dose levels but not at 
others. 

The other tumour which we have studied exten- 
sively is the mammary carcinoma NT", and Fig. 4 
shows the regrowth data for this tumour at each of 
the intervals tested. For Ca NT’, when heat was 
applied before irradiation there was a significant 
thermal sensitization only when the heat immedi- 
ately preceded the irradiation or when there was a 
gap of three hours between the two treatments. There 
was little or no effect at the other time intervals. 
When the heat was given after irradiation, however, 
the sensitization remained longer, with some thermal 
enhancement present at six hours, although this had 
virtually disappeared by 24 hours. 

Similar dose response curves were drawn for the 
other four tumours at all the time intervals tested, 
enabling thermal enhancement ratios to be meas- 






ured at any level of damage. These values, measured 
above an X-ray dose of 20 Gy, are summarized in 
Table I together with some details of the tumour 
characteristics. 


DISCUSSION 

Consecutive heat and trradiation 

The present results indicate that for single dose 
treatments a significant thermal sensitization of 
tumours to X rays can be produced by 60 min im- 
mersion in hot water, with an intra-tumour tempera- 
ture of 42.5°C. Five of the six tumours tested showed 
considerable sensitization when heat was applied 
immediately after irradiation. In the sixth, the slowly 
growing Rh carcinoma, no effect was seen with the 
X-ray doses used (up to 20 Gy), but we cannot 
exclude the possibility that thermal sensitization 
would have been seen at higher doses. In most of the 
tumours there was clearly a greater degree of sensi- 
tization at higher X-ray doses, corresponding to the 
region where the response to X rays is dominated by 
the radioresistant hypoxic cells. These cells may be 
more thermosensitive as a result of their hypoxia 
(e.g. Kim et al., 1975; Gerweck, 1977; Dewey et al., 
1977), or as a result of the nutritional deficiency 
(Hahn, 1974), reduced pH (Overgaard and Over- 
gaard, 1975; Gerweck and Rottinger, 1976) or the 
accumulation of metabolites that will also occur at a 









































TABLE I 
Volume Therapeutic gain relative to skin 
doubling eer 
‘Time interval Heat Heat time, Heat Heat 
‘Tumour (hours) after X before X 6.5-8.2 mm after X before X. 
Squamous 0 1.5-4.7 1.6-1.8 2 days 0.8-0.9 0.9-1.0 
carcinoma D 1 1.2-1.3 1.2-1.3 0.9-1.0 0.8-0.9 
2 1.4-1.8 1.5-1.9 1.1-1.5 1.1-1.4 
3 1.2~1.3 1.3-1.4 1.1-1.2 1.1-4.2 
6 1.0-1.2 1.4-1.5 1.0-1.2 1.2 
24 1.0-1.4 1.2-1.4 — so 
Carcinoma NT’ 0 1.2-1.4 1.1-1.3 4.5 days 0.7-0.8 0.6-0.8 
1 1.3-1.5 1.2-1.4 1.0-1.2 0.9-1.0 | 
3 1.2-1.4 1.2-1.3 1.1-1.3 1.0-1.1 
6 1.2-1.5 1.2-1.3 1.2-1.5 1.0-1.1 | 
24 1.1-1.3 1.1-1.3 co = | 
Slow sarcoma S 0 1.1-1.3 — 7.5 days 0.6-0.7 ee. | 
1 1.2-4.4 — 0.1-4.1 _ | 
3 1.0-1.1 — 0.9-1.0 = { 
6 1.0-1.1 — 1.0-1.1 an | 
Fast sarcoma F 0 i 1.2-1.4 =- 1.8 days 0.7-0.8 == 
3 2-1.3 — 1.1-1.2 
MT2 0 1.5-1.7 -— 2 days 0.8-0.9 — i 
Slow RH 0 1.0 == 9 days 0.5 — | 
ome | | 
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Thermal enhancement ratios calculated from pairs of dose- 
response curves obtained with X rays alone or in combina- 
tion with heat. Published data for tumours heated for one 
hour during or shortly before or after irradiation are shown 
by open symbols; the authors are identified in the key. The 
closed symbols represent the six tumours presented in this 
paper and the fibrosarcoma data of Stewart and Denekamp 
(1977). The hatched area represents the range of normal 
tissue data (Robinson et al., 1974; Stewart and Denekamp, 
1977; Law et al., 1977; Myers and Field, 1977; Jansen et al., 
1978; Hume and Field, 1978; Ensley and Gillette, 1979). 
Ail of our tumour data fall within or below the range of 
TER values for normal tissues, indicating no therapeutic 
gain. 


distance from the capillaries. The fact that only a 
small effect is observed at low radiation doses would 
imply that the radiation sensitivity of the heat- 
sensitized hypoxic cells is still less than that of the 
normally oxygenated cells that dominate the response 
at low doses, Similar observations of the dependence 
of TER on X-ray dose have been made for other 
tumours (Yerushalmi, 1976; Stewart and Dene- 
kamp, 1978) and also for normal tissues (Myers and 
Field, 1977; Field and Law, 1978), although in one 
of the normal tissue studies fractionated treatments 
were used and the reduced TER values may be 
reflecting induced thermal tolerance. If the dose per 


fraction is important in fractionated treatments, it is 
possible that a smaller thermal enhancement ratio 
will be seen than with large single doses. 

Two of the tumours (Sq Ca D and Ca NT’) have 
been tested with heat immediately before irradiation 
and a similar degree of thermal sensitization was 
observed (Table I). A quantitative measure of the 
thermal sensitization can be derived from the curves 
in Fig. 2, by taking the ratio of doses to produce the 
same effect (TER). These values have been estimated 
for each tumour at doses above 20 Gy and are plotted 
in Fig. 5 together with data from the literature for 
other tumours and for normal tissues. The hatched 
area represents the range of values for normal tissues 
(mouse skin and intestine and cartilage of baby rats). 
The closed symbols represent the seven tumours 
studied at the Gray Laboratory and all treated under 
identical conditions. These include the six tumours 
presented here and a fibrosarcoma (Stewart and 
Denekamp, 1978). 

The relative position of the TER values for 
tumour and normal tissue is an indication of whether 
there is likely to be any benefit from using heat and 
X rays rather than X rays alone. The results from 
Overgaard on three different tumours lie well above 
the normal tissue data, indicating a therapeutic gain 
with hyperthermia. However, these tumours were 
treated with 27 MHz short wave diathermy so the 
temperature distribution is likely to have been very 
heterogeneous, and the precise temperature is diffi- 
cult to measure (Overgaard, personal communica- 
tion). The CsH mammary tumour data of Robinson 
et al. (1974) in which there may have been some com- 
promise of the vasculature, and one set of data from 
Ensley and Gillette (1979) also lie significantly above 
the normal tissue data. All of our data, and many of 
those from the literature, fall within or even below 
the thermal enhancement ratios observed in normal 
tissues, indicating no general therapeutic advantage 
of heat plus X rays relative to X rays alone, when 
there is no interval of time between the two treat- 
ments. 

Ensley and Gillette (1979) using the C3H mam- 
mary adenocarcinoma demonstrated an advantage of 
combined heat and irradiation only when the two 
were given simultaneously (TER==3.1), with a loss 
of thermal sensitization when the heat immediately 
followed irradiation (TER==1.6). This, together 
with the data of Robinson et al. (1974), also for the 
C3H mammary tumour, irradiated in the middle of 
the heating period, suggests that the exact coinci- 
dence of heat and irradiation may be very important. 
This is supported by the in vitro data of Joshi et al. 
(1976), Meyer et al. (1977) and Sapareto et al. (1978). 


214 


Marca 1979 


The response of six mouse tumours to combined heat and X rays: implications for therapy 


However, Hirst et al, (1978) and Overgaard (1977), 
using experimental tumours, have shown no signifi- 
cant difference for concurrent or consecutive heat 
and X rays. 

It is clear from Fig. 5 that no universal advantage 
of combined heat and X rays in close succession has 
been demonstrated. In our own experiments none of 
the tumours showed a therapeutic gain. The only 
occasion when a very high thermal sensitization has 
been observed in our tumours, for heat and radiation 
given closely together, was when a metal clamp had 
been used to occlude the blood supply (Hill and 
Denekamp, 1978) or when the tumour had been 
grown in a very constricted site, subcutaneously on 
the tail (unpublished data). 


Varying the interval 

The thermal sensitization to X rays has been 
shown to fade if an interval of time elapses between 
the two treatments, both in vitro (Kim et al., 1974; 
Kal et al., 1975; Li et al., 1976; Harris et al., 1977) 
and for normal tissues im vivo (Stewart and Dene- 
kamp, 1977; Law et al., 1977; Myers and Field, 
1977; Hume and Field, 1978) and for tumours in 
mice (Crile, 1963; Thrall et al., 1975; Alfieri et al., 
1975; Jansen et al., 1978; Stewart and Denekamp, 
1978). 

In the present experiments separation of the heat 
and irradiation was also shown to reduce the TER in 
Sq Ca D, although possibly not in Ca NT’ (Figs. 3 
and 4 and Table I). It has previously been suggested 
that this loss of TER may be slower (Stewart and 
Denekamp, 1978) or less complete (Jansen et al., 
1978) in tumours than in normal tissues; Overgaard 
(1977) found no loss of sensitization with intervals of 
up to 48 h. Thus it appears that a therapeutic advan- 
tage might be gained from heat and X rays if the 
two modalities are given at an appropriate spacing. 
For a variety of normal tissues the TER falls to unity 
if the heat is applied four hours after X rays (Hume 
and Field, 1978). A similar but very much less pre- 
dictable and slower decline of TER is observed if 
heat is given first. Thus if heat is applied three to 
four hours after irradiation no thermal sensitization 
of normal tissues occurs, and there is no necessity to 
reduce the radiation dose in order to remain within 
the tolerance of the normal tissues. The TER values 
at different times in the four tumours are sum- 
marized in Table I; an advantage is seen in three of 
the four tumours when heat is applied at three hours 
after irradiation. 

Since TER values vary with the X-ray dose used, 
it is important to compare tumour and normal tissue 
TER’s obtained over the same dose range. Higher 
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Schematic diagram to demonstrate the method of comparing 

the effectiveness of two treatments, A and B, by standardiz~ 

ing to a constant level of normal tissue injury. For a skin 

reaction of 1.5 treatment B gives more tumour growth delay 

(40 days) than treatment A (27 days). This analysis is only 

possible if comparable treatments have been used on the 
tumour and the normal tissue. 


values may be obtained in tumours if the endpoint 
used requires high X-ray doses, e.g. TCD50 assays. 
A more appropriate way of demonstrating the thera- 
peutic gain is shown schematically in Fig. 6. Two 
sets of normal tissue and tumour data obtained for 
different treatments have been compared in terms of 
the tumour damage which may be achieved for a 
constant level of normal tissue damage. In Fig. 6 the 
doses to produce an average skin reaction level of 
1.5, equivalent to moderate moist desquamation with 
complete healing (Denekamp, 1975), can be derived, 
and then the tumour delay produced by these doses 
in treatments A and B can be compared from the 
lower curves. In the example shown, treatment B is 
more effective (40 days delay) than treatment A (27 
days delay) for the same skin reaction. 


215 


Vou. 52, No. 615 


Sally A. Hill and Juliana Denekamp 


‘This approach has been used with the published 
skin reaction data of Stewart and Denekamp (1977) 
used as the normal tissue control. The results were 
obtained in almost the same experimental arrange- 
ment as that used for the present tumour experi- 
ments. Figure 7 shows this analysis for four of the 
tumours; tumour growth delay for a skin reaction of 
1.5 is plotted against the interval between irradiation 
and heating. In each diagram, the horizontal dashed 
line corresponds to the growth delay produced by 
X rays alone and the shaded band indicates the error 
on this value (+1 sem). When a treatment pro- 
duces increased tumour damage relative to the skin, 
i.e. a therapeutic gain, the data points fall above the 
shaded area. 

For each of these tumours, these curves demon- 
strate that a thermal treatment applied immediately 
before or after irradiation is in fact worse than treat- 
ing with X rays alone; the points all fall within or 
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below the shaded area. Separation of the two treat- 
ments however results in a more beneficial response. 
In the carcinoma N'T” and the fast Sa F there is a 
distinct advantage when the heat dose is applied 
three hours after irradiation, an effect which persists 
at least to six hours in the carcinoma NT’. This 
therapeutic advantage when heat follows irradiation 
is not so clear in the other two tumours, where the 
errors overlap, but it is still apparent that an interval 
of a few hours between the two modalities is better 
than consecutive treatment. 

No conclusions can be drawn from the data for the 
two tumours heated before irradiation. Again, an 
interval of a few hours produces a therapeutically 
better response than heat and X rays in close succes- 
sion. In the carcinoma NT’ the points still fall 
within the control range, indicating that heat applied 
after irradiation would be the treatment of choice, as 
suggested by Stewart and Denekamp (1978), while 
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Fic. 7. 
Effect on four tumours for a constant level of normal tissue damage, as a function of the time between heating and irradia- 
tion. ‘The hatched area represents the delay achieved with X rays alone +1 sem, Heat and irradiation given in close se- 
quence are worse than X rays alone. If an interval longer than one hour elapses between the two treatments the combined 
heat and irradiation is better than X rays alone, i.e. shows a therapeutic gain. 
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the situation seen for squamous carcinoma D sug- 
gests no difference due to sequence of application. 
However, for heat before irradiation the X-ray dose 
must be reduced to avoid exceeding the normal tissue 
tolerance. 

The trends and conclusions suggested by these 
diagrams remain the same whether the data are 
analysed using a skin reaction of 1.0 (severe redden- 
ing and/or swelling) or 2.0 (breakdown of most of 
the skin) instead of the 1.5 level chosen here. 

Overgaard (1978) and Jansen ef al. (1978) have 
suggested that two separate effects may be combined 
in the response of tumour cells to heat and X rays. 
These are direct thermal killing and true radio- 
sensitization. If the two treatments are separated in 
time the direct cell killing effect would persist but 
the interaction of X rays and heat would fade. Since 
the thermal sensitization disappears completely for 
normal tissues with an interval of a few hours, it is 
postulated that in normal tissues there is no direct 
component of thermal killing. Thus any advantage 
obtained by an appropriate separation of the X rays 
and heat would result from the additive effects of 
X-ray killing and heat killing in the tumour, and no 
increased effect relative to X rays alone in the normal 
tissues. The combination of X rays and heat would 
then be better than either alone because the popula- 
tion that is resistant to X rays has a high sensitivity 
to heat. 

From our own results it is difficult to separate the 
response of the tumours into direct heat damage and 
thermal radiosensitization. Only one tumour (MT2) 
showed an effect of heat alone, but if the heat sensi- 
tive population represents only a small proportion of 
the total cells, it would be difficult to detect it with 
heat alone. The greater thermal enhancement ratios 
at higher X-ray doses indicate a bigger effect of heat 
on the cells which are normally radioresistant, t.e. 
those most distant from the blood vessels. Thermal 
sensitization persists beyond three hours in the two 
tumours tested, with a small effect even at 24 hours. 
This could be interpreted as support for the concept 
of direct thermal killing, and would agree with the 
data of Jansen et al. (1978) and Overgaard (1978). 
However, the results of Alfieri et al. (1975), Thrall 
et al. (1975), and Stewart and Denekamp (in prepara- 
tion), which show that the thermal interaction is 
totally lost by 24 hours, would not support the con- 
cept of direct thermal killing. This is clearly an area 
requiring further study. 


CONCLUSIONS 
1. Sensitization of tumours to X irradiation was 
achieved in five out of six tumour types using water- 


bath heating to give an intra-tumour temperature of 
42.5°C. 

2. The extent of thermal sensitization was 
dependent on the size of X-ray dose used, being 
larger at high X-ray doses. 

3. The thermal sensitization of the tumours was 
no greater than that in normal tissues if the heat was 
given shortly before or after irradiation. 

4. A slight loss of sensitization was observed if the 
two treatments were separated in time but sensitiza- 
tion was still apparent at three to twenty-four hours. 

5. A therapeutic advantage, relative to skin 
damage, was only observed if the heat and X rays 
were separated by more than one hour. The most 
reliable single-dose treatment would be with heat 
after irradiation. 
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Book review 


Radiology of the nose, paranasal sinuses and nasopharynx 
(Section 2: Golden’s diagnostic radiology). By G. D. Dodd 
and B-S Jing, 1977, pp. xi+342, illus., (Williams & 
Wilkins Co., Maryland, USA.), $37.00. 

‘This book forms another valuable addition to the 
Golden's Diagnostic Radiology Series. The authors clearly 
have a sustained interest and very wide experience in their 
field. Each section mentioned in the title reviews the 
radiological anatomy and radiographic technique, before 
discussing the clinical conditions which may arise and their 
differential diagnosis. The illustrations and drawings are 
excellent and are clearly labelled. The value of tomography 


is correctly stressed as the most important conventional 
radiographic investigation. It is a pity that computer 
tomography has had to be omitted since clearly it is having a 
dramatic effect in increasing our knowledge and diagnostic 
acumen in nose and throat radiology. It is however, not yet 
universally available and for some time many of us will have 
to rely on conventional techniques. In spite of this and the 
omission of the larynx from the book (the latter being 
discussed in another volume from the same publishers), this 
will be a valuable reference book, not only for radiologists 
and radiotherapists, but also for ENT surgeons. 

V. Cope. 
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ABSTRACT 

The non-uniform effects of hyperthermia observed in 
mouse intestine when heating is achieved by immersion of 
an exteriorized loop of jejunum in a hot bath were quanti- 
fied. Intestinal damage was assayed by crypt destruction and 
correlated with local temperature and distance from major 
mesenteric blood vessels. 

The rate of rise of temperature during heating was much 
greater in regions far from blood vessels than in those close 
to vessels. Equilibrium temperatures in regions close to 
vessels were as much as 2°C below liquid bath temperature. 
Such temperature differentials agreed well with those pre- 
dicted from the heterogeneity observed in crypt destruc- 
tion. Both histological and thermometric data suggest that 
major blood vessels may influence tissue temperature over a 
distance of approximately 2 mm and, within this region, 
temperature gradients of 1°C per mm may exist. 

_ These findings raise questions concerning the interpreta- 
tion of previously reported data from water-bath heating of 
both tumours and normal tissues. They also emphasize the 
need for consideration of the influence of blood flow on 
heating patterns during hyperthermal treatment of patients. 


Localized hyperthermia for cancer therapy and re- 
search has been induced by several methods in- 
cluding hot baths, microwaves and ultrasound. 
Since the effects of hyperthermia are critically 
dependent on temperature, information concerning 
temperature distributions in tissue is basic to any 
biological study. Water-bath heating has been used 
in many hyperthermia experiments because of its 
apparent simplicity. Researchers have often assumed 
that the tissues heated were at temperatures close to 
that of the water bath, or have measured the tempera- 
ture at only one or two points. However, Robinson et 
al. (1975; 1978) have measured temperature profiles 
in tumours implanted on the flank or on legs of mice 
and heated by means of water bath, and found the 
temperature to be markedly dependent upon 
vascularity and distance from major blood vessels. 
Merino et al. (1978) noted that when exteriorized 
intestine of mouse was heated there was a hetero- 
geneous response, with the smallest effect in regions 
adjacent to the mesenteric blood vessels. They sug- 
gested that this might be due to local cooling. We 
observed similar heterogeneity in hyperthermal 





*Permanent address: University of Maryland Hospital, 
Baltimore, USA. 


killing of crypt cells when heating was achieved by 
immersion of an exteriorized loop of the jejenum in 
Krebs-Ringer solution. The damage again appeared 
to be correlated with distance from the mesentery 
and presumably with distance from major blood 
vessels, We have investigated this finding in greater 
detail using both biological and physical measure- 
ments, in an attempt to quantify the effects of 
cooling by blood flow in this model tissue system. 


MATERIALS AND METHODS 

Female CFLP mice (10-12 weeks old) were 
anaesthetized with sodium pentobarbitone at 0.07 
mg/g body weight. A loop of jejunum approximately 
10 cm long was exteriorized through a small in- 
cision in the peritoneal wall and immersed in Krebs- 
Ringer solution which was thermostatically con- 
trolled to within +0.1°C of the required tempera- 
ture. 

For the histological assay, the heated portion of the 
intestine was marked with a small stitch before being 
replaced in the animal and the wound closed. The 
animal was sacrificed 24 hours later and the heated 
portion of the instestine fixed with Bouins solution, 
Treatment temperatures ranged from 42°C to 44°C 
and the treatment time was 30 minutes. Heat 
damage was quantified by counting the number of 
surviving crypts per 1000 ym of jejunal circumfer- 
ence. Figure 1 is a transverse section of jejunum 
showing the asymmetric distribution of crypts fol- 
lowing a hyperthermal treatment of 43°C for 30 
minutes. 

Biological assays of thermal gradients along the 
circumference were determined by measuring, on 
magnified images, the distance across which 
gradients of biological damage could be seen and 
dividing these distances by both biological and 
physical estimates of the temperature differentials. 
(Distance was measured between points on the 
jejunal wall where thermal damage was first ap- 
parent and, moving further away from the mesen- 
tery, where no surviving crypt cells could be seen). 
To correct for possible space distorting artefacts in 
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Fic. 1. 


Transverse section of mouse jejunum stained with haema- 
toxylin and eosin. The mouse was sacrificed 24 hours after 
a heat treatment of 43°C for 30 minutes. 
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Temperatures near-to and far-from blood vessels in the 

jejunum as a function of time after immersion in Krebs- 

Ringer solution at 43°C. The hatched areas encompass the 
central 50% of the values measured. 


histological preparation, these distances were cor- 
rected by a factor corresponding to the ratio of the 
circumference of the sample in question to the 
average of all the sections measured. 

For temperature measurements, copper-constan- 
tan thermocouples (100 pm in diameter) were in- 
serted through the intestine either ‘‘near-to” or 
“far-from” mesenteric vessels.* The thermocouples 





*It was estimated that ‘‘near-to’? measurements were made 
within 0.5 mm of the mesenteric attachment. ‘‘Far-from” 
measurements were made diametrically opposite to the 
mesentery and over a range of +0.5 mm. 
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Heating rates of points near-to and far-from blood vessels in 
the jejunum. The ratio (X100) of the difference in tem- 
perature (AT) from equilibrium at any time post immersion 
to the value at time of immersion (47T)o is plotted on a log 
scale against heating time. The hatched areas encompass the 
means and standard deviations of the values measured. 
Calculated values of T1/2, the time for (4T)/(4T)o to be 
reduced to 1/2, are given along the bottom and right margin. 





were sutured in place and the exteriorized loop of the 
jejunum was immersed in Krebs-Ringer solution at a 
temperature of 43°C. Temperatures were monitored 
using a digital thermometer and strip-chart recorder 
from the time of immersion until near steady-state 
temperatures were attained. 


RESULTS 

Results of temperature measurements taken 
“near-to” and “‘far-from’” the mesenteric vessels 
are summarized in Fig. 2. This is a plot of tempera- 
ture v. heating time in Krebs-Ringer solution held 
at 43°C. To a close approximation, the difference 
between gut and bath temperatures decreases ex- 
ponentially with time of immersion. The two 
shaded areas characterize the heating patterns for 
the two different regions in the gut. Regions “far- 
from” vessels heat more rapidly than regions “‘near- 
to” vessels. Since it is difficult to place and maintain 
thermocouples at specific locations in the gut, and 
since heating rates near-to vessels are more 
position-dependent than those far-from, there is a 
wider spread in the values near-to vessels. The 
hatched areas encompass the median and 50% of the 
measured values central to the median. There is 
some overlap of the data, but the equilibrium 
temperatures far-from the vessels are typically 0.1- 
0.2°C below bath temperature; those near to the 
vessels are much lower with one value at 41°C, 
i.e. up to two degrees centigrade below bath tem- 
perature. 
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Effect of heating on crypt numbers close-to and far-from the 
mesentery, 24 hoursfafter treatment. 
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Schematic drawing of the gradient of thermal damage 

around the circumference of the heated gut. L1 and L2 are 

the distances around the circumference where a gradient of 
thermal damage could be seen. 


The differences in heating rates are shown in 
Fig. 3 on which is plotted (AT)/(AT)o, the ratio of the 
difference in temperature from equilibrium at any 
time post immersion, (AT), to the value at the time 
of immersion, (AT). The slopes of these lines rep- 
resent the heating rates near-to and far-from blood 
vessels, and are characterized by the value of Ty, 


the times taken to reduce (AT)/(AT) by one-half. 
The hatched areas encompass the means and stan- 
dard deviations of the values measured. The mean 
values of T1/2 were 3.5 seconds far-from the vessels 
and 5.7 seconds near-to the vessels. The X symbols 
in Fig. 3 represent heating data from a dead mouse 
with no cooling from blood flow. 

Results of the histological assay for thermal in- 
homogeneity around the gut are shown in Fig. 4. 
This is a plot of crypt number per 1000 um of 
jejunal circumference (log scale) for regions in the 
gut near-to and far-from the mesentery as a function 
of bath temperature. 

Near to the mesentery there is little cell destruc- 
tion after heating for thirty minutes at bath tem- 
peratures below 43.5°C. In regions away-from the 
mesentery, however, significant damage is apparent 
at a bath temperature of about 42.5°C. The data are 
consistent with temperature differences in excess of 
1°C between regions near-to and far-from the 
mesentery, in agreement with the physical measure- 
ments of temperature in those two regions. 

A schematic diagram of a cross section of the 
heated gut is shown in Fig. 5. The regions LI and 
L2 on each side of the mesentery (M) illusirate the 
regions across which a gradient of thermal damage 
could be seen. The average of those measured 
lengths was determined to be 1.87-4-0.17 mm, with 
values ranging from 0.5 to 3 mm. This length, to- 
gether with the biologically and physically estimated 
temperature differences of 1-2°C, suggests that ther- 
mal gradients of about 1°C/mm are present in the 
exteriorized gut during water bath heating. 


Discussion 

Although the gut may present a rather extreme 
case with high rates of blood flow, our data clearly 
illustrate the effect which blood flow can exert on 
heating patterns and also the need for careful physi- 
cal studies to support biological hyperthermia 
experiments. One of us has reported similar effects 
of blood cooling on the thermal pattern in tumours 
implanted on the legs of mice heated by a water bath 
(Robinson et al., 1978). These studies raise questions 
concerning some of the experimental results re- 
ported with water-bath heating of both tumours and 
normal tissues where there is well defined vascula- 
ture. In addition they emphasize the need for careful 
studies on the role of blood flow on heating patterns 
in human patients treated with localized hyper- 
thermia. 
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Book reviews 


Technical aspects of Tomography. By M. L. Durizch, pp. 
ix-+-210, illus., 1978 (The Williams and Wilkins Company, 
Baltimore, U.S.A.), $9.95, 

‘This slim paperback volume has been designed as a 
tomographic reference manual for practising radiographers, 
with chapters dealing with the skull, chest, peripheral 
skeleton, the spine and soft tissue structures. It has been 
written by a very experienced technologist who punctuates 
the detailed text with additional hints and advice in a 
marmer which emphasizes her enthusiasm for the subject. 
The description of each technique includes details of 
suggested tube movement, film size, projections, positioning, 
preliminary films and separation levels. The information is 
summarized in concise tabulations at the end of the chapter. 
The author stresses the narrow technical latitude between 
optimal and poor tomograms, and the need for the operator 
to have a sound knowledge of anatomy to achieve correct 
orientation of the sectional image levels. The chapter 
dealing with the skull is especially good with outlines of 
valuable additional projections to demonstrate areas not 
fully covered by the routinely accepted views. 

"The layoutis clear and orderly with excellent accompanying 
illustrations of patient positioning and resultant radiographs. 
However, I found the juxtaposition of metric and American/ 
British linear measurement instructions irritating and would 
have preferred a complete metric approach with bracketed 
imperial information. Marry may not agree with some of the 
suggested tube movements; for example the use of pluridi- 
rectional motion for lung tissue is open to question. It is also 
a pity that the author has not recorded her attitude to and 
opimen of inclined plane techniques and of intensifying 
screen/film combinations including the rare earth phosphor 
screens. These are minor criticisms and do not detract from 
a book which would be a worthy addition to the work-bench 
in X-ray departments and to the libraries of schools of 
radiography for pre- and post-diplomate students. 

Jonn PETERS. 


radiobiological hyperthermia studies. (Abstract). Medical 
Physics, 2, 159. 

Rosinson, J. E., Harrison, G. H., McCreapy, W. A. and 
Samaras, G., 1978. Good thermal dosimetry is essential 
to good hyperthermia reasearch. British Journal of Radi- 
ology, 51, 532-534, 


Computed Tomography of the Human Body. An Atlas of 
Normal Anatomy. By R. J. Alfidi, J. Haaga, M. Weinstein 
and J. de Groot, pp. ix +197, 220 illus.,, 1977 (The C. V. 
Mosby Co., St. Louis, U.S.A.), £29-00, 

Anatomy is basic to surgery and radiology, but axial 
anatomy was in the past only of passing interest. It was 
mainly relevant in providing a three-dimensional or in- 
depth view to relate structures to each other in the antero- 
posterior plane. 

In computed tomography and ultrasonography, however, 
axial anatomy is all important. For radiologists, such a 
radical change can be quite disconcerting. Anatomy must 
literally be rediscovered. 

There is yet another reason for the new spate of infor- 
mation on anatomy directed at the radiologist. Computed 
tomography shows soft tissue structures in great detail. 
Whereas previously the names of muscles could be ignored 
and the position of the peripheral nerves was largely 
irrelevant, the muscle bundles and intervening neuro- 
vascular bundles can now be visualized and, in radiology, 
what can be seen must have a name or an explanation. 

The Cleveland team have been concerned with CT from an 
early stage of its development and have considerable 
experience. Their presentation takes the form of labelled 
comparisons of anatomical sections and CT prints with only 
a very short introductory text. The labelled anatomical 
photographs of the cranium are of high quality. There has, 
however, been no attempt to portray the innumerable 
variations of anatomical size and position and no expla- 
nation for the recognition of particularly difficult areas on 
the CT sections. 

This book is produced with the minimum of fuss and 
bother and there are no unnecessary distractions. The 
relevant sections can be quickly located. Students will find 
the work quite valuable as a reference work for computed 
axial anatomy. 

L. KREEL. 
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New equipment for double contrast arthrography of the knee 


M. O. Downes, M.B., B.S., D.M.R.D., F.R.C.R.* 


Department of Radiology, Westminster Hospital, London, S.W.i. 


(Received June ,1978) 


It has been recognized for some time that the best 
arthrograms of the knee are obtained when the 
position of the patient can be controlled by screening 
(Ricklin et al., 1971; Butt and McIntyre, 1969) but 
this usually results in loss of definition when a rou- 
tine undercouch tube is used. 

A removable cassette tunnel is described that will 
fit a Siemens “Koordinat” table. Simple alteration 
in dimensions will allow fitting to any X-ray table. 
The routine arteriography apparatus is utilized with 
an overcouch high speed tube with a 0.6 mm focal 
spot and undercouch intensifier. High definition 
screens and film can be used with resulting high 
quality radiographs. 


DESCRIPTION OF EQUIPMENT 

Following description of a removable cassette 
tunnel (Peck and Butcher, 1974) it was felt that this 
could be modified to take eight coned radiographs of 
each meniscus in different degrees of rotation, and 
with a new addition to the tunnel, with different 
amounts of varus or valgus strain to ‘‘open out” the 
knee joint to give good apposition of air to both sur- 
faces of the meniscus. 








*Present address: Department of Radiology, Kent and 
Canterbury Hospital, Canterbury, Kent. 





Fic. 1. 


The cassette tunnel is fixed to the table with the drawer 
partly slid into position. The cross wires over the central 
window are an aid to centring. 


Roebuck (1977) stated that it is usually impossible 
to create enough strain to give a good air gap around 
the meniscus, particularly over the anterior horn. 
This problem has been overcome with the new 
equipment. 

The removable cassette tunnel (Fig. 1) is fixed to 
the table utilizing the standard table rails. The tunnel 
which is constructed of high quality plywood has a 
central window (7 X 7cm) surrounded by lead. The 
tunnel is designed to accept a drawer in which a 
cassette (1540 cm) and four wooden blocks are 
positioned (Fig. 2). The wooden blocks are moved 
after each exposure and therefore allow eight radio- 
graphs to be taken on one film. The drawer can be 
inserted into the tunnel from either side. 

There are two flat padded plates mounted on ad- 
justable rods, controlled by knurled knobs, fixed 
directly to the tunnel (Fig. 1). 


TECHNIQUE 
The tunnel is fixed to the table and the table is 
centred to the tube and intensifier using the cross 
wires incorporated into the central window. The 
table is then locked into position and not moved 
again. The tube is elevated to allow the patient to lie 
supine on the table for injection of air and contrast. 





Fic. 2. 
The drawer with the cassette and wooden blocks. 
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Prior to injection of contrast a 5 cm crépe bandage 
is applied above the patella to occlude the supra- 
patellar bursa. The knee is punctured. Synovial 
fluid is aspirated to reduce excessive dilution of the 
contrast. 5 ml of Dimer X (Roebuck, 1977) and 
sufficient air to distend the knee is injected. This 
usually requires about 50-80 c.c. of air. The needle is 
removed and a spray of Nobecutane used to seal the 
puncture site. 

The knee is then flexed and extended several times 
and the patient turns prone with the relevant knee 
between the adjustable pads. The tube is lowered, 
and screening of the meniscus can begin with the 
radiologist rotating and adducting or abducting the 
knee exactly as required to demonstrate the menisci 





Fic. 3. 


The patient lies prone and the leg rotated to the required 
position. (The tube has been raised for illustration pur- 
poses.) 


with a good air gap along their entire length (Fig. 3). 
The leg is rotated to the required position, strain 
applied and screening stopped. The drawer and 
cassette are slid into the tunnel and an exposure 
made. The drawer is removed and the leg rotated to 
the next position. This routine is continued until all 
the meniscus has been examined and radiographed. 
It is usual for a series of eight radiographs of each 
meniscus to be taken. 

After the examination has finished the small 
bandage is removed which rapidly relieves the often 
uncomfortable distension of the knee joint. A 15 cm 
crépe bandage is then applied for 24 hours and the 
patient warned of a possible slight stiffness and 
aching. 





Fic. 5. 


Normal lateral meniscus. 





Fic. 4. 
Normal medial meniscus. 


Fic. 6. 
Tear of medial meniscus. 
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RESULTS 

The quality of the radiographs obtained is high 
with a result that the number of arthrograms being 
requested has increased markedly. The need to re- 
peat radiographs has been eliminated. No problems 
with the new equipment have been encountered. 

Measurement of the total radiation dosage to the 
radiologist’s hands after 20 examinations was less 
than 20 mrem and therefore insignificant. 

Some examples are included (Figs. 4, 5 and 6). 


CONCLUSION 
A method of screening and taking high-definition 
radiographs of the menisci is described with a new 
technique for producing sufficient strain to examine 
the whole meniscus with true double contrast. 
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Ultrasound equipment for intra-rectal imaging of the prostate 
By R. A. Lerski, B.Sc., Ph.D., E. Barnett, D.M.R.D., F.R.C.R., M.R.C.P., and Patricia Morley, M.B., 


B.S., D.M.R.D., 


Ultrasonic Unit, Department of Diagnostic Radiology, Western Infirmary, Glasgow 


(Received May, 1978) 


Ultrasonic radial rectal scanning has been shown by 
workers in Japan (Watanabe 1971) and the USA 
(King et al., 1973; Resnick et al., 1976) to allow the 
identification of malignant change in the prostate 
with a high degree of accuracy. The apparatus used 
by Watanabe (1971), has become commercially avail- 
able as the Aloka ASU-8M-C radial scanning chair. 
The apparatus facilitates the insertion of a trans- 
ducer covered by a water bag into the rectum. The 
transducer is rotated by a motor drive and a radial 
scan of the pelvis is obtained. 

Preliminary work in our department was carried out 
using the above chair connected to an Aloka SSD- 
60C B scanner. These items were kindly loaned by 
LKB Instruments Ltd. Unfortunately this ar- 
rangement gave bistable pictures which were not 
felt to be of sufficient diagnostic value. It was, 
therefore, decided to interface the scanning chair to 
the Nuclear Enterprises NE 4200 grey-scale B 
scanner in our department. This would probably 
be the arrangement favoured by most departments 
wishing to acquire the Aloka chair as an accessory. 

This communication deals with the steps nec- 
essary to accomplish the interfacing and the results 
which may be expected. 

Four stages may be identified in the interfacing: 

(i) The rectal transducer must be connected to 
the NE 4200 electronics. 


(ii) The sine and cosine signals from the chair 
must be substituted for those from the NE frame. 

(ili) The transmitter delay must be adjusted to 
that appropriate to the chair. 

(iv) A power source must be provided to drive the 
chair motor. 

The connection of the transducer to the NE 
console is simply accomplished by attaching a cable 
from the receiver/transmitter sockets on the back 
panel to the socket on the rear of the chair. 

The NE frame is connected to the console via a 
McMurdo 34-way plug inside the back panel. A new 
plug and shell are required* and a four core screened 
cable should be connected between the sine/cosine 
potentiometer in the chair and the appropriate pins 
on the new plug. Table I gives the connections, It is 
also an advantage to connect some resistors to the 
X, Y position pins so as to bring the beam to near 
the middle of the adjustment range on the B scan. 
Pins C9 and D3 are linked to select 2.5 MHZ on the 
receiver. If the 3.5 MHZ option is available then this 
should be used. Substitution of this new plug and 
cable for the standard one will connect the sine/ 
cosine position signals from the chair to the console 
and select the appropriate frequency. 








*No. MP134 obtainable from ITT Electronic Services, 
Harlow, Essex. 
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TABLE I 








Function | Pin 

| es on ae 
| Sine A4 
Cosine A6 
+E B1 
E A9 
Ground A5 
Link ee 
C9 








The transmitter delay compensates for the trans- 
ducer face being separate from the centre of trans- 
ducer rotation. That is, it is a time after the start of 
the X and Y sweeps at which the transmitter is 
triggered. In the standard Nuclear Enterprises con- 
figuration it is appropriate to a distance of 60 mm. 
For the rectal transducer the distance concerned is 
the radius of the probe. The reduction of the delay is 
most easily accomplished by changing the value of 
the input resistor (R29) to the ramp generator 
(CM2) on the board PCB 675 in the console frame. A 
small SPDT switch mounted on the edge of this 
board can select either the standard or chair values. 
This may be switched when the multiway plug is 
changed. We found a reduction from 150 K to 14K 
to be suitable. 

The motor drive in the chair requires 100 volts 
AC power. We provided this from an isolating 
transformer connected to the NE mains supply. 

In our experience the switching of the scanner 
from normal to chair operation may be accomplished 
in less than five minutes. Figure 1 illustrates the 
quality of the results obtained. 





N Rectum 


~ 


Prostatewme ses. 


Fic. 1. 


The transducer is seen within the rectum surrounded by the 

water bag and closely applied to the anterior wall of the 

rectum. The prostate is well outlined anterior to the probe, 
together with the muscles of the pelvic floor. 
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A data storage and retrieval system for clinical research in oncology 
By A. Hasman, Ph.D., S. C. Chang, M.Sc., and A.B.M.F. Karim, F.R.C.R., Ph.D. 


Departments of Medical Informatics and Radiotherapy of the Free University of Amsterdam, The Netherlands 


(Received March, 1978) 


In clinical research it is of the utmost importance to 
keep standards of treatment at the highest possible 
level. However, extracting data from the patient’s 
file often involves much work and obtaining answers 
to questions may be very time consuming. A com- 
puter can be introduced to reduce the amount of this 
work to a minimum. In this paper a system will be 
described that can be easily used by non-computer 
experts for data entry and retrieval. It is designed in 
such a way that it can cope with many different 


research studies. No reprogramming is necessary for 
new applications. The system can be implemented 
on a dedicated computer having a FORTRAN 
compiler with overlay facilities, and may be run on a 
computer used for radiotherapy planning. 

In the design phase the following requirements 
were specified for the system: 

it should be modular so that changes and new 

programs can be inserted easily ; 

it should be easy to use by non-computer experts; 
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it should be flexible so that it can be used for 

different diseases ; 

it should contain a statistics package; 

it should have graphics possibilities ; 

it should be fast so that it can be used in an 

interactive manner. 
It was decided that the retrieval process should be 
facilitated by means of a keyword oriented language 
which should be easy to learn and use. Although 
systems (Ludwig and Bagshaw, 1975; Fayos, 1976; 
Glicksman and McShan, 1976) are known with 
which it is possible to do research on a large data 
base for epidemiological studies working with large 
computers, the possibilities of the system described 
here are similar, with the advantage that it can be 


used for in-house research studies on a small dedi- 
cated computer and on an interactive basis. 


DESIGN OF SYSTEM 

In order to make the retrieval programs indepen- 
dent of the variables used in the study, a data 
definition language had to be designed. With the 
help of this language the user can enter the names of 
variables, together with their attributes (e.g. the 
position in the record, the symbolic description of 
the codes etc.). When this is done the computer 
knows where to find the value of each variable in the 
patient’s record. With this knowledge it can display 
the names of the variables together with the possible 
input values on a display terminal for data entry 


TABLE I 
PART OF THE CHECKLIST USED FOR PATIENTS SUFFERING FROM LARYNX CANCER 


Academisch Ziekenhuis 
Vrije Universiteit 




















~—1— Ponskrt. no. [1] 1 
Volgno. OOOO 2- 5 





Amsterdam 
Legend: NR= Not Recorded 
0=No 
1=YES 
/="OR” 
CA. LARYNX 
1. Status No. [A] DODOOO Registration No. V.U. ACIMDEIDE] 6-12 
2. Name of patient: 
3. Sex[] t=male 2-female ry 13 
4. Birthdate [J] day [JC] month [7] year MOOI 14-19 
5. Diagnosis: Sq. Cell ca. 
6. Date of diagnosis J0] day [C] month [IC] vear poog 20-25 
7, Grade [] 1/2/3/9 pq 26 
7.1 Lymphocyte infiltrated [} 0/1/9 [3 27 
7.2 Ca. in situ [} 0/1/2/9 2=microscopic in situ G 28 
changes present with frank 
8. Type (] 1=proliferative Na 
2=ulcer 9=NR 
3=infiltrated 4=combined Ei 29 
9. Side 1=left 2=right 3=both Ci 30 
10, Site 
10.1 Glottic 3 Cj 31 
t=VCO 142-4 
2=AC 143-5 
3=PC 1+243-6 
10.1.1 Glottic with extensions 0=not with extens. fl 32 
1 ==supraglottic 
£} 2=subeglottic 
3 = transglottic 
10.2 Supraglottic =} 0/1 =supraglottic only Gq 33 


2=supragl. with glottic ext. 


3= a” 
4== ” 
5 ” 


with glottic+subgl. ext. 
with minor pharyngeal ext. 
with gross pharyngeal ext. 
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purposes. Ít also uses this information when the user 
asks questions about the data stored. 

After the data have been entered the user can 
begin asking questions. Hach question starts with a 
word, This keyword represents some function. 
The keyword ACTUA for example indicates that 

r wants to obtain an actuarial table. Some 
ect further information. The keyword 
PLAY for example expects the list of variables 
yhich the values should be displayed on a ter- 
Moreover, each keyword can be supplemen- 
ved with a condition that defines a subpopulation by 
means of the IF clause e.g. DISPLAY AGE IF SEX 
AALE. 

Since the symbolic description of the codes used is 
entered via the data definition language, the user can 
type in his own terminology (in the above example 
the word FEMALE was used instead of the code 2 
that is actually stored in the computer memory). The 
keyword orientated language gives the user a power- 
ful tool to browse through the data base, Since the 
process is interactive, the next question to be asked 
can be influenced by the results obtained earlier in 
the query session, 












minal 





The data definition language 

As indicated earlier the data definition language 
enables the user to specify the variables that he will 
use in his research project. These variables are writ- 
ten down on a checklist so that the corresponding 
values can be laces easily. In Table I part of the 
larynx checklist as used in Amsterdam is shown. 
This checklist is a filled out by the radiotherapist. By 
means of the data definition language the inform- 


DATABASE LARYRE 
HEU PATIENT(S> 


ENTER VALUE AY CURSOR-FOSITION. THE HUMBER OF DOTS SPECIFIES 
THE MAXTHUN WONDER OF DIGITS 10 GE ENTERED. 


POSSIOLE VALUES: 


BERTH MONT 


Fig. 1. 
Example of the data entry function. 





ation contained in the checklist (but net the actual 
values) can be specified. e.g. A/SEX/13, 1, 1, 1, 2 
(i=MALE, 2FEMALE). In this case the user 
tells the computer to add to the already existing list 
of variables the variable called SEX. Several attributes 
are then typed in: the values of this variable can be 
found starting in position thirteen (13) of the record. 
The value is contained in one position (1) and is of 
type integer (1). The lowest value Se is 1, the 
highest value is 2. For input and output purposes | 
stands for MALE and 2 for FEMALE. In this way 
the variable SEX is defined and this name can be 
used later on in the retrieval process because from 
now on the name is recognized by the system. All the 
variables of a checklist are defined in a similar way. 
‘This procedure has to be done once for each research 








study. Changes in names or attributes are always 
possible. In our case the data definition language is 


used only by the data base manager who sets up the 
data base in co-operation with the radiotherapist. 


Data entry and verification 

The data written onto the checklist can be punched 
or entered via a display terminal. In the latter case 
information is eel from the data definition 
language about the names of the variab = and their 
coding. An example is given in Fig. Here the 
variable birth-month is asked for, In ki display the 
range of values that can be entered is shown. For 
coded variables the codes and their symbolic de- 
scriptions are displayed. The input program then 
checks whether the entered data are within the 
specified bounds. If not, the word ILLEGAL 
ENTRY is flashed on the screen and a new value 


BATABASE LARYNX 
HEM PATIENTCS) 


ERTER VALE AT CURSOR-POSITION. THE MURDER OF GOTS SPECIFIES 
ENTERED. 


THE WAXINUH HUNGER OF DIGITS h BE 


Fig. 2. 
Example of edit phase of the data entry. Ten items of in- 
formation that have been entered for a patient are displayed 
for checking and correction if necessary. 
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ACTUA IF GLOTTIC NE. NO 
HK i CASES WITH WRONG DATES KK 
YEAR  XALIVE *KOTED KLOST TO *WITHDRAWNKEFFECTIVE XANNUALXANNUAL XCUMULAT IVE 
OF XAT BE- XTDURING FOLLOW: ALIVE [TU-kKNUMBER EX-kMORTA-xXSURUT ~ SURV EVAL 
OBSER-*XGINNING XINTERVAL UP DU} RING IN- *POSED TO xLITY xVAL XRATE UP TO 
VATIONXOF x KRING TN-KTERVAL. KART SN KRATE RATE OKEND OF 
KINTERVAL ATERVAL x x x x KINTERVAL 


FICO OOK OIC OOOO OOO OOA OOO A AOA A A A A A AO AAA R ICI K 





O — 1x 117. 4x O.* 1.%® L16.*% O0.034k OL. 964% O.94&S 

1 - 2x 112.x 6.x OX 9. LOB. 0,056 0.944% 0.912 

2 = 3x 97. 1.x 0.x 19. BBK O,OLLE 0.989% 0.904 

3 = 4x 77 6.x O.* 22. 66k 0.091" 0.909% 

4 - 5x 49 ® 2X O.* 14. V.k 0.048% O,952% 

5 - 6 33. 2.x oO. Li. 27% 0,073 0.927% 

6 ~ 7k 20.,X Q.X Ok 6. X 17.%x O.000% 1.000x 

7 ~ BX 14.X 1.x Q.X 1.x L4.K 0,074% 0.926% 0.670 

8 - Ok £25 0.x 0.x 4.x 10,¥ 0.000% 1.000% 0.670 

9 ~10x* B, O.x O.x 2.x 7k 0.000kK 1.000% 0.470 
10x G.X 0O, O* 4.*¥ 4.x 0.000% 1.000% 0.670 

Fig. 3. 


An actuarial table for patients with cancer in the glottic part of the larynx. An error in dates has been made in the data entry 
edit phase for one case and this is detected by the retrieval program. The program excludes this case from the actuarial 
analysis but does not identify it in the print-out. 


should be typed in. When the data of a patient are 
entered, the values of ten variables at a time are 
displayed for further editing (see Fig. 2). 


The keyword orientated retrieval language 

As already mentioned earlier, the language con- 
sists of keywords, each keyword specifying a separate 
function. The number of keywords can be easily 
extended to fulfil the needs of the radiotherapist. In 
our system most of the work can be done with about 
15 keywords. When the user types in a question, the 
computer checks whether an IF clause was typed in. 
In that case those patient records are discarded that 
do not fulfil the conditions of the IF clause. Other- 
wise all patient records are screened. If one wants to 
obtain the actuarial survival table for a subgroup, 
the definition of the subgroup can be given via an IF 
statement. The actuarial table for patients with the 
tumour situated in the glottic part of the larynx is 
obtained by typing ACTUA IF GLOTTIC.NE. 
NO. The results of this are shown in Fig. 3. 

As can be seen from Fig. 4, the distribution of a 
variable can be obtained through the keyword FRE- 
QUENCY. A table can be obtained with the key- 
word TABLE. Since the names of the variables are 


not allowed to be longer than sixteen letters, some- 
times a shorthand is used. If one forgets what the 
abbreviation is, those names can be obtained that 
start with the letters that the user remembers, e.g. 
FIND AB is a command that returns all the vari- 
ables starting with the letters AB. In order to reduce 
the amount of storage needed, the data have been 
coded. The variable SEX can have two values, 
coded 1 and 2. A separate dictionary is used to 
translate these codes into the symbolic descriptions 
MALE and FEMALE. In asking questions it is not 
necessary to remember the codes, since the system 
will translate symbolic descriptions into codes. Only 
the keywords TABLE and FREQUENCY require 
some knowledge about the codes since one has to 
specify the classwidth and the number of classes. 
The codes for the different variables can be obtained 
using the keyword DESCRIBE. Graphical output 
can be obtained by the PLOT command. Figure 5 
shows the plot of an actuarial survival curve. 

The query language is very easy to learn and 
enables the physician to obtain relevant information 
from the data base. The query language is used in an 
interactive way so that more precise questions can be 
asked after obtaining the answers to more general 
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COMMAND t 


FREQUENCY GRADE(O,1) 


HISTOGRAM OF : GRADE 
CLASS WIDTH 3 1 "4t x 4 CASES 
© OXD) O IN THE RANGE 0 TO 1 
( 63. X9) 94 IN THE RANGE 1 TO 2 ROO OOOO IO IO 
( 32. %) 48 IN THE RANGE 2 TO 3 GOO IO IOK 
© 26%) 3 IN THE RANGE 3 TO 4 
© ox) © IN THE RANGE 4 TO 5 
{ 0x) U IN THE RANGE 5 TO 6 
© 0X) O IN THE RANGE 6 TO 7 
€ 0. X) O IN THE RANGE 7 TO 8 
( Of &) O IN THE RANGE 8 TO 9 
( 3. %) S IN THE RANGE 9 TO 10 x 
MEAN = 1.63 
STANDARD DEVIATION = 1.47 
TOTAL NUMBER OF CASES = 150 
Fig. 4. 


Example of a frequency distribution of the variable GRADE 


questions. Subgroups can be easily specified and the 
questions posed after a subgroup has been defined 
refer to this subgroup until the subgroup definition 
is changed. 

Statistical analyses may be performed using a 
small statistical package incorporated in the system. 
itis possible to carry out 2x 2 and 2 x N contingency 
tests, Spearman correlation tests, Wilcoxon tests, 
rank tests and other analyses. A versatile tool for the 
radiotherapist or oncologist has thus been provided. 


Discussion 
The system was designed as a combined project of 
the departments of radiotherapy and medical in- 


formatics. It was made in such a way that each 
disease could have a separate checklist. A new 
project can easily be handled by the system and 
requires no reprogramming. In a separate paper the 
results of a study on the dose response in radio- 
therapy for laryngeal carcinoma are described using 
this system (Karim et al., 1978). From this pilot 
study a lot of experience has been obtained. It was 
found that filling out checklists took the radiothera- 
pist about ten minutes. The number of questions 
(variables) in the checklist was about 130. This 
number was so large because the checklist was used 
for research purposes. Since most information was 
initially obtained from the patient file, the data on 
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SURVIVAL AGAINST YEARS 


i 
| 
2.40g 
t 
| 
t 


1.088 2888 3288 4.228 


5.888 ABB 7.288 8.208 932228 12.88 


Fig. 5. 
Plot of an actuarial survival curve. 


the checklist have been punched on cards. Later on 
the data were entered into the computer directly via 
a display terminal by a clerk, although information 
via punched cards can still be handled as before. 
With the help of the query language the radio- 
therapist could easily obtain quantitative answers to 
questions about age distribution, T and N staging 
differences in males and females, causes of local 
failures, types of complications, dose response re- 
lations, or duration of symptoms. The system can 
also be used for tumour registry purposes. Its main 
advantage lies in the fact that the clinician can ob- 
tain answers about a single patient or a group of 
patients in an interactive way within seconds. He 
does not need a large computer and the system can 


be implemented on a dedicated computer used for 
planning purposes. 
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Erdheim-Chester disease associated with retroperitoneal 
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In 1930 Chester, working with the Viennese path- 
ologist Erdheim, described two patients with an 
unusual lipidosis showing distinctive bone changes. 
Sorensen (1964) described one patient with similar 
radiographic appearances and bone histology, and 
a fourth case was added by Jaffe (1972) who des- 
ignated the condition ‘‘Erdheim-Chester disease”. 
Histology showed granulomata containing lipid- 
laden histiocytes but the bone lesions differed from 
those seen in Hand-Schuller-Christian disease both 
in distribution and in the radiographic appearance. 
Similar histological appearances occur in retroper- 
itoneal xanthogranuloma (Oberling 1935), but of 
the 36 cases of this condition described up to 1976, 
in only one (Melicow 1953) were bone lesions 
mentioned. We here report a further patient with 
Erdheim-Chester disease in whom autopsy revealed 
retroperitoneal xanthogranuloma, suggesting a com- 
mon underlying pathology for these two rare con- 
ditions. 


Case REPORT 

A 62-year-old male caucasian presented with a two week 
history of colicky lower abdominal pain, watery diarrhoea, 
anorexia, weight loss and hesitancy of micturition. There 
were no symptoms referable to his skeletal system. Exam- 
ination showed only pallor and smooth enlargement of the 
liver. Haemoglobin was 8.8g/dl, ESR55mm/1hr (Wester- 
gren),blood urea 13 mmol/l, serum lipids and thyroid func- 
tion tests were normal. Small bowel enema and sigmoidoscopy 
were normal. Barium enema showed tethering of the 
sigmoid loop in the right iliac fossa and distal diverticular 
disease. IVU showed bilateral hydronephrosis and hy- 
droureter extending to the bladder, but no ureteric dis- 
placement. 

Radiographs of the skull, lumbar spine, pelvis, ribs and 
carpal bones were normal. The long bones of all four limbs 
showed a widespread symmetrical abnormality. The entire 
diaphyses of both ulnae, radii, tibiae and fibulae, the distal 
halves of both femora and the proximal metaphyses of both 
humeri were involved. The abnormality consisted of an 
inhomogenous increase in bone density with thickening of 
trabeculae and loss of the corticomedullary junction. In the 
lower femora and upper tibiae there was apposition of 
perisoteal new bone. In the metacarpals and phalanges 
there was only a hazy increase in bone density affecting the 
diaphyses (Figs. 1-3). In all the affected bones the lesion 
appeared to end abruptly at the level formerly occupied by 
the epiphyseal plate, sparing the bone ends at the knees, 
ankles, shoulders, elbows and small joints of the hands. 


Address for reprints: Dr. P. J. Robinson, Department of 
Radiology, St. James’s Hospital, Leeds LS9 7TF, UK 


At laparotomy there were many adhesions and marked 
inflammation of the serosa of the whole colon. No specific 
lesion was identified. Post-operatively the patient continued 
to have diarrhoea. He deteriorated mentally and despite 
intensive therapy died of bronchopneumonia five months 
after presentation. 

At autopsy there was dense yellow fibrous tissue encasing 
both renal pelves, adrenals and extending up into the 
mediastinum. The ureters were not displaced. Histology of 
this material showed dense fibrosis with granulomata con- 
sisting of histiocytes with foamy cytoplasm with positive 
staining for fat (Fig. 4). The bowel was normal apart from 
some serosal thickening in the colon with some histiocytic 
infiltration. Sections of cancellous bone from the femur 
showed irregular thickened trabeculae. The intertrabecular 
spaces were filled with fibrous tissue with accumulations of 
foamy histiocytes and poorly defined granulomata (Fig. 5). 


DISCUSSION 
The bone lesions in Hand-Schuller-Christian dis- 
ease are typically patchy and asymmetrical in distri- 
bution. The skull is commonly involved. Radio- 
graphic features indicate bone destruction, with 





Fic. 1. 


Left shoulder. Patchy sclerosis and coarsening of trabeculae 
of metaphysis and adjacent diaphysis of humerus with 
sparing of epiphysis. 
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sclerosis occurring only during healing, especially 
after radiotherapy (Moseley 1962). The bone lesions 
of Erdheim-Chester disease differ both qualitatively 
and in distribution. Qualitatively, the affected areas 
show a patchy or diffuse increase in density with 
coarsening and irregularity of trabeculae in the 
medulla. The cortex appears thickened in some areas 
and where medullary sclerosis is marked the endo- 
steal cortical margin is obscured. In Jaffe’s case 
there was also cortical rarefaction in involved areas. 
Sorensen’s case showed intersecting bands of scler- 
osis, irregular in size, thickness and direction, with 
areas of rarefaction between. Similar appearances 
are illustrated in radiographs of the excised tibia and 
fibula of Chester’s case 1. The size and shape of the 
affected bones remains normal. Periosteal new bone 
formation was visible in our patient, but was not 
described in the previous cases. 





Fic. 2. 


Left knee. Patchy sclerosis involving the metaphysis and 
diaphysis of femur and tibia. Epiphyses again spared. 
Periosteal new bone along femoral shaft. 
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The major long bones of the limbs are invariably 
affected. In Sorensen’s case the humeri and femora 
showed the most severe lesions, but in all other 
cases the distal long bones were more severely 
affected. The axial skeleton appeared normal in our 
patient and in Jaffe’s case. Chester’s case 1 showed 
involvement of a single vertebral body and Sorensen 
mentioned minimal abnormalities in the spine and 
skull. Minor degrees of radiographic abnormality 
occurred in the metatarsals of our patient, in the 





Fic. 3. 


Right wrist. Patchy sclerosis of diaphyses and metaphyses 
of radius and ulna, with sparing of epiphyses. Carpal 
bones normal. 
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Fic. 4. 
Granuloma in retroperitoneal tissue (H & E x 150). 


metacarpals and tarsal bones of Jaffe’s case, and in 
the pelvis, shoulder girdle and ribs of Sorensen’s 
case. In all cases, however, the most marked lesions 
were those in the long bones. 

The distribution of the lesions within these bones 
is characteristic. The metaphyses are invariably 
affected, and where the lesion is diffuse they show 
the most severe abnormality. In every case the 
epiphyses were either totally spared or affected to a 
far lesser degree than the adjacent metaphyses. 
Bone histology in our case showed changes similar to 
those described in detail by Chester (1930) and 
summarized by Jaffe (1972). 

The condition of retroperitoneal xanthogranuloma 
first described by Oberling (1935) is also extremely 
rare. Kahn (1973) reviewed the literature and found 
29 cases and described one more. Since then Gup 
(1972), Bissada and Fried (1973), Hou-Jensen et al., 
(1973) and Ellis (1975) have reported single cases 
and Kyriakos and Kempson (1976) reported two, 
making a total of 36. The macroscopic and histo- 
logical features of the retroperitoneal lesion in our 


case with dense fibrosis, granuloma formation and 
presence of foamy histiocytes are typical of retro- 
peritoneal xanthogranuloma. The behaviour of the 
lesion varies from benign to frankly malignant 
(Kahn 1973). One case (Melicow 1953) had bony 
lesions which, from the brief description given, 
seem similar to those of our case. The retroper- 
itoneal lesion seems distinct from idiopathic retro- 
peritoneal fibrosis in distribution and histology 
(Mitchison 1970). 

The occurrence of two such rare conditions in one 
patient strongly suggests that the underlying path- 
ology is the same. Indeed, the histological features 
are identical and resemble those seen in Hand- 
Schuller-Christian disease, part of the group of 
diseases brought together by Lichtenstein (1953) as 
histiocytosis X. However, the radiographic changes 
in Erdheim-Chester disease are quite distinct from 
those seen in any of the described syndromes com- 
prising histiocytosis X and retroperitoneal lesions 
are not described in these syndromes. We suggest 
that the two conditions found in our patient are 
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Cancellous bone from femur showing irregular trabeculae and foamy macrophages in intertrabecular spaces (H & E 


manifestations of a single underlying pathology re- 
sembling Hand-Schuller-Christian disease but dis- 
tinguishable on both clinical and radiological 
grounds. Although the bone lesions are asymp- 
tomatic we suggest that recognition of the charac- 
teristic radiographic appearances is helpful in what 
may be a difficult diagnostic problem 
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Intracranial aneurysm associated with cerebrovascular moyamoya disease. 
Report of a case and review of 13 cases 
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Neurosurgical Service, Akita University School of Medicine, Akita, Japan 
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Recently interest has increased in cerebrovascular 
moyamoya disease (Suzuki and Takaku, 1979; 
Krayenbiihl, 1975), spontaneous occlusion of the 
circle of Willis (Kudo, 1975) or cerebral basal rete 
mirable (Nishimoto and Takeuchi, 1968). Kodama 
and Suzuki (1978) have reported five aneurysms in 
35 adults with this condition, suggesting a high in- 
cidence and a specific location of the aneurysm in 
moyamoya disease. 

A case of basilar artery aneurysm associated with 
this disease and a review of 13 aneurysm-associ- 
ated cases reported up to now in Japan constitute 
this report. 


Case REPORT 

A 54-year-old woman was admitted soon after an episode 
of subarachnoid haemorrhage on May 2, 1977. Physical 
examination disclosed no neurological deficit but there was 
maninge! irritation and lumbar puncture showed bloody 

SF. 

Serial magnified angiography was performed by trans- 
femoral catheter technique. e left internal carotid 
artery was nearly occluded at the bifurcation just distal to 
the posterior communicating artery. Abnormal fine vessels 
were demonstrated in the basal ganglionic region. The 
middle cerebral artery was filled through colaterals from 





Fic. 1. 


Lateral view of the left carotid angiogram. Intracranial por- 


tion of the internal carotid artery is narrow and almost 


occluded at the bifurcation. Abnormal fine net-like vessels 
shown in the basal ganglionic region (arrows). 





the orbital artery in the late arterial phase. Transdural 
anastomosis with the frontal branch of the superficial tem- 
poral artery was also shown (Fig. 1). Right carotid angi- 
ography showed almost identical findings (Fig. 2). Vertebral 
angiography demonstrated a saccular aneurysm, approxi- 
mately 4 mm in diameter, at the distal end of the basilar 
artery. Leptomeningial anastomosis through the posterior 
choroidal artery to the middle cerebral artery was revealed 
(Fig. 3). It was not possible to determine which of the 
vascular lesions was responsible for the subarachnoid haem- 
orrhage on clinical or angiographic evidence. 

The patient had a prolonged episode of angina pectoris 
from the 20th hospital day but recovered within a week. She 
was discharged improved on June 16, 1977. 


Fic. 2. 


Antero-posterior view of the right carotid angiogram. There 
is occlusion of the internal carotid artery at the bifurcation 
with moyamoya blood vessels (arrows). 
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Fic. 3. 


Antero-posterior view of the vertebral angiogram. A sac- 
culor aneurysm is pointed by arrow. 


DISCUSSION 

Out of 13 cases of aneurysm associated with 
moyamoya disease reported in Japan, seven were 
male and six female. Twelve cases were over 15 
years old, the age range being from seven months to 
59 years. 

Location of the aneurysm was the basilar artery in 
three, the posterior choroidal artery in four and the 
anterior choroidal artery, the anterior communicat- 
ing artery, the middle and the posterior cerebral 
artery each in one case. Thus the aneurysm was 
located on the vertebro-basilar system in seven out 





of 13 cases. In two cases, the aneurysm was related to 
the abnormal fine network of moyamoya blood 
vessel. Multiple aneurysms of the basilar artery were 
demonstrated in one case. 

Aneurysms on the peripheral portion of the 
posterior choroidal artery and the moyamoya blood 
vessels are presumed to be pseudoaneurysms, be- 
cause of their location and transient appearance in 
follow-up angiography (Kodama and Suzuki, 1978). 
However, haemodynamic changes in the posterior 
circulation due to gradually progressing stenosis or 
occlusion of the anterior part of the circle of Willis, 
could cause formation or growth of aneurysms on 
the vertebrobasilar system. 

It is well known that moyamoya disease may 
present with subarachnoid or intracerebral haemor- 
rhage. The initial symptom in all except one of the 
aneurysm-associated cases was subarachnoid heam- 
orrhage; the exception had frequent fainting 
episodes. 

It is important from the clinical point of view to 
determine which lesion is responsible for the haem- 
orrhage, the aneurysm or moyamoya vessels. How- 
ever, the responsible lesion could not be clearly 
established in the 13 reported cases, except one of 
ruptured aneurysm of the posterior choroidal artery, 
which resulted in intraventricular haemorrhage. 

In fact, it is difficult in aneurysm-associated 
moyamoya disease to detect the responsible vascular 
lesion, if there is no clear neurological deficit corres- 
ponding to the ruptured aneurysm, and if angio- 
graphically there are no marked vascular changes 
due to aneurysmal rupture. Further studies in- 
cluding CT scan or autopsy are required. 
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Clear cell sarcoma of tendons and aponeuroses is a 
rare tumour first described by Enzinger in 1965. A 
case is reported which responded to bleomycin and 
vincristine. Such a response has not previously been 
documented. 


Case REPORT 
The patient was a 30-year-old woman who first presented 
in June 1975 with painless lumps on her left leg. Seven 
years previously she had received a slight knock to her left 
shin and then noticed two firm lumps at the site. Two years 
before presentation the lumps had increased in size and 
there was a generalized swelling of the leg below the lumps. 





Fic. 1. 
Photograph of left leg at presentation. 


Her appetite had diminished and she had begun to lose 
weight and experience pain in her left knee and ankle. For 
the last six months the area around the lumps had become 
red and hairless. Five weeks before presentation a new lump 
had appeared below the first two. 

On examination she was found to have a mass over the 
upper third of her left tibia (Fig. 1.) measuring 10 «8 cm 
with an ulcerated centre 3.52 cm and below this two 
further masses 4 x 3 cm and 1.5 x 1.5 cm. The masses were 
firm and appeared attached to the underlying bone. The left 
leg distal to the masses was swollen and oedematous so that 
the circumference of the left leg was 9 cm greater than the 
right measured at a point 10 cm below the patella. The skin 
over the masses was hot, red, and atrophic and there was 
wasting of the left thigh muscles. She had no palpable lymph 
nodes at this time. An X-ray of the left leg showed a well 
circumscribed lobulated soft tissue mass with a periosteal 
reaction along the shaft of the tibia. The radiologist’s 
opinion was that this was a primary soft-tissue tumour 
secondarily involving bone and probably a liposarcoma. An 
open biopsy was taken and a diagnosis of clear-cell sarcoma 
was made. A lymphangiogram showed no lymphatic in- 
volvement. 


Treatment and Progress 

From July 28 to August 26, 1975 she received a course of 
radiotherapy to her left leg (Table I). There was rapid 
regression of the tumour and at the end of the course she 
was left with an ulcer which in turn had healed by December 
1975. 

She was well until August 1976 when she presented with a 
mass in the left femoral triangle. A drill biopsy revealed 
lymph node infiltration with sarcoma but a further lym- 
phangiogram showed no other lymphatic involvement. ‘This 
deposit proved to be the first in a series of further metastases 
in the right supraclavicular fossa, right thigh, abdomen, and 
right temple over the period from August 1976 to May 1977. 
These were treated as they arose with individual courses of 
radiotherapy (Table I). All the metastatic deposits re- 
gressed rapidly and completely by the end of each course of 
radiotherapy. 

On June 10, 1977 she was readmitted with a pathological 
fracture of her right femur at the upper third of the shaft. 
She was also found to have multiple deposits in her scalp, 
right humerus, right cheek, and right cervical nodes. 

Her blood count showed a haemoglobin of 7.9 g/dl, a 
white cell count of 4.4 x 109/litre and platelets of 76 x 10°/ 
litre. The thrombocytopenia deepened to 44 x 10°/litre by 
June 15, 1977. 

Pending internal fixation of the fracture a Steinmann pin 
was inserted, the fracture was stabilized with traction, and 
she was transfused with blood. 

She continued to experience severe pain particularly at 
the fracture site and in the deposits in her neck with signs of 
peripheral nerve compression at the latter site. She required 
20 mg of diamorphine orally every four hours for adequate 
analgesia. 

In view of her thrombocytopenia further radiotherapy 
was contraindicated but the tumour was obviously very 
radiosensitive and it appeared likely that it might also prove 
responsive to chemotherapy. It seemed necessary to select 
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TABLE I 
SCHEDULE OF RADIOTHERAPY 





















j 
| Length of RT Number of | 
| Date (days) Radiation Site Dose (rad) fractions | 
| 1975 | 
l z 17 29 8MV x Left leg 4000 20 l 
1976 | 
| 20/9 30 8MV x Left groin 4000 20 | 
15/12 34 8MV x Mediastinum, bilateral axillae, 4000 20 | 
supraclavicular fossae, and | 
cervical nodes | 
| 1977 l 
| 6/4 26 8MV x Right hip 3200 | 16 
| /5 13 8MV x Abdomen 900 9 
| 13/5 5 8MV x Left side of neck 2000 4 
l 18/5 5 10MeV Right temple 2000 4 
i electrons 
| 28/10 13 Co y Skull 3000 10 | 
| 3/11 11 300 kV x Lumbar spine 1600 8 | 











agents of low myelosuppressive activity. High dose bleomy- 
cin and vinca alkaloids as described by Samuel et al., (1976) 
were chosen as a suitable basis for treatment. It was 
proposed to give her 2 mg of vincristine as a bolus intra- 
venously followed by 90 mg of bleomycin as an intravenous 
infusion over 72 hours. 

She started the first course on June 17, 1977 but there was 
a severe reaction to the bleomycin which was discontinued 
after only 20 mg had been given. Nevertheless a dramatic 
response was achieved in that all the tumour masses had 
become impalpable within fourteen days. Her general 
condition also improved considerably and her analgesic 
requirement fell so that she could be weaned off the 
diamorphine entirely. 

She had two further courses of chemotherapy which 
included bleomycin to full doses (the first under steroid 
cover) and had improved sufficiently by August 1977 to have 
an operative internal fixture of the fracture of her femur. 
She was discharged home in October 1977 by which time 
she had received a total cumulative dose of bleomycin of 
200 mg. 

On October 21, 1977 she was readmitted complaining of 
headaches, diplopia, and difficulty in walking. On exam- 
ination she had a partial third nerve palsy on the left side, 
saddle anaesthesia and absent ankle jerks. Apart from the 
neurological involvement she also had two new deposits in 
her scalp. Two days after admission she developed signs of 
meningeal irritation with neck stiffness, vomiting and 
photophobia. There were no localizing signs, no papill- 
oedema and no neoplastic cells or evidence of infection in the 
CSF. 

A diagnosis of intracranial and cauda equina deposits 
was made. She was given dexamethasone and commenced a 
course of radiotherapy (Table I.). The meningism and 
headaches disappeared and her third cranial nerve palsy 
improved by the end of the course. 

She died at home in December 1977 and no post mortem 
was obtained. 


PATHOLOGY 
Biopsy material from the left leg comprised several 
fragments of soft uniformly grey tissue, the largest 
measuring 1.5 1.51.3 cm. On microscopy the 
tumour was made up of oval or epithelioid uniform 
cells with vesicular nuclei containing prominent 
nucleoli and pale cytoplasm (Fig. 2). The matrix 


between these cells was collagenous with areas of 
vacuolated myxoid material. Occasional abnormal 
mitoses were present among the clear cells and there 
was a small round cell infiltrate of varying density 
throughout. There were diastase-sensitive, periodic 
acid Schiff (PAS) positive granules in the cytoplasm 
of the tumour cells. A reticulin stain showed an 
alveolar-like pattern around nests of clear cells 
(Fig. 3). The Schmorl and Masson-Fontana reac- 
tions were negative. A diagnosis of clear cell sarcoma 
of tendons and aponeuroses was made. 

A drill biopsy from a mass in the left femoral 
triangle showed lymphoid tissue containing tumour 
having appearances similar to that described above 
apart from the fact that the alveolar pattern in the 
reticulin stain was not marked. A further drill 
biopsy of a mass in the supraclavicular fossa showed 
fragments of tumour containing clear cells and with 
an alveolar arrangement in the reticulin stain. This 
was diagnosed as recurrent clear cell sarcoma. 


Discussion 

Clear cell sarcoma of tendons and aponeuroses is a 
rare condition. Enzinger (1965) reported 21 cases, 
two of which were from Bennett’s series (Bennett 
1947), and only 17 cases have been reported since- 
Kubo (1969), Dutra (1970), MacKenzie (1974), 
Bearman et al., (1975) and T’suneyoshi (1975). 

It has been suggested that clear-cell sarcoma of 
tendons may be a melanin-containing tumour and 
that there may be an entity “malignant melanoma of 
soft tissue” which is distinct from clear-cell sarcoma 
(Kubo 1969, Tsuneyoshi 1976, Bearman et al., 1975 
and MacKenzie 1975.) We were unable to show the 
presence of melanin in our case. 
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Fic. 2. 

Photomicrograph of the tumour, showing cells with indistinct pale cytoplasm and promi- 
nent nucleoli. A moderate number of small round cells is also present. Strands of fibrous 
tissue are present. 

(haematoxylin-eosin, x 500) 





Fic. 3. 


Photomicrograph of the tumour, showing groups of cells surrounded by fibrous septa to 
give a pseudoacinar or alveolar appearance. 
(Gomori’s silver impregnation, reticulin 300) 
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The differential diagnosis of clear-cell sarcoma 
from synovial sarcoma has to be considered. Clini- 
cally the lack of pain during a major part of the long 
history favours clear-cell sarcoma, as does the site, 
antecedent trauma and slow growth with relentless 
multiple metastases. Histologically there was no 
evidence of the biphasic pattern seen in synovial 
sarcoma. There was a pseudoacinar alveolar ar- 
rangement in areas of the tumour and the PAS 
cytoplasmic granules were diastase sensitive, where- 
as they are diastase resistant in synovial sarcoma. 

Our patient's tumour showed a remarkable sen- 
sitivity to both radiotherapy and chemotherapy. 
With regard to the latter a substantial mass of 
tumour completely regressed after only 2 mg of 
vincristine and 20 mg of bleomycin had been given. 

Recent surveys of treatment for soft-tissue 
sarcomas (Chang, 1977; Wilbur et al., 1975) have 
shown a wide variation in response to various agents 
and combinations including vincristine but there 
have been no reports for the combination of vin- 
cristine and bleomycin. As the suggested regimes 
for the chemotherapy of soft-tissue sarcomas are 
more unpleasant and associated with a greater mor- 
bidity than this combination, the marked sensitivity 


of this tumour to the combination of vincristine and 
bleomycin may therefore be of interest to other 
clinicians. 
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Book reviews 


First year Physics for Radiographers. By George A. Hay and 
Donald Hughes, 1978, pp. xii-+271 (Bailliere Tindall, 
London), £3-95. 

ISBN 0-7020-0692-0. 

In the preface to the second edition of their excellent 
book which covers the physics syllabus for the diploma 
of the College of Radiographers, Messrs Hay and Hughes 
describe minor modifications and additions that they have 
made, notably with respect to solid state rectifiers, and their 
emphasis on expressing X-ray spectra in terms of photon 
energy rather than wavelength. 

The book is well laid out and in a similar style to the first 
edition, with many diagrams and with important points and 
laws emphasized in heavy type, a presentation which enables 
the student to use the book with ease. 

Two minor criticisms would be: the continued use in 
places of conventional current flow, which, even allowing for 
the authors’ prior warning, some students will still find 
confusing; and their proof of the inverse square law using 
similar triangles, where the radii of different spheres is more 
correct. But these are minor criticisms of what is a well 
written, readable book and remarkable value at £3-95, It is a 
book that most student radiographers will find invaluable in 
the preparation for their Part I examination. 

R. S. FAIRBANKS. 


241 


Gastrointestinal Angiography. By S. R. Reuter and H. C. 
Redman, 1977, 2nd Edition, pp. ix-+-390, illus., (W. B. 
Saunders Co., Sussex), £20-00. 

It is not uncommon to find oneself in difficulties to put 
major criticisms in polite words. It is very rare to experience 
difficulty in finding the right words in praise of an extra- 
ordinarily good text in radiology. This book falls into the 
latter category and is essential reading for all interested in 
abdominal angiography in any way. 

I am a little surprised that the authors have not used 
subtraction techniques more widely which may make some 
of the illustrated points more clear for the uninitiated or 
inexperienced. Although the standard of the illustrations is 
excellent the book is not just an atlas but is accompanied by a 
very good text covering technique, equipment and normal 
anatomy in addition to the multitude of clinical examples. 
Each chapter is concluded with a full and worthwhile 
bibliography. 

Too many words will dilute the praise. This is an excellent 
book. 

A. B. AYERS. 
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Carcinoma of the breast imaged by nuclear magnetic resonance (NMR) 
By P. Mansfield, B.Sc., Ph.D., P. G. Morris, M.A., Ph.D., R. Ordidge, B.Sc., 


Department of Physics, University of Nottingham 
R. E. Coupland, M.D., Ph.D., D.Sc., F.R.S.E., 


Department of Human Morphology, University of Nottingham 
H. M, Bishop, F.R.C.S., and R. W. Blamey, M.D., F.R.C.S., 


Department of Surgery, University of Nottingham 
{Received October, 1978) 


NMR has shown promise as a non-invasive and non- 
hazardous method of imaging the mobile proton distribut- 
tion (mainly water) on a small scale in both animal and 
human tissues (Mansfield and Maudsley, 1977) and more 
recently on a much larger whole-body scale (Mansfield, 
et al, 1978; Damadian et al., 1977). 

la this paper we report the first localization of a breast 
cancer by this technique in a simple mastectomy specimen 
from a 47-year-old woman. 

Following mastectomy the specimen was rapidly trans- 
ferred from the City Hospital to the Physics Department 
and the NMR scan started about 14 hours following opera- 
tion. The specimen measured some 15 cm in the long axis, 
one end of which was the axillary tail; it had a maximum 
thickness of about 4 cm at the centre tapering off to about 
1 em at the periphery. The surface of the specimen was 
marked with waterproof ink for identification purposes and 
placed flat in a plastic container. The slice thickness scanned 
included the whole of the breast; the images produced 
correspond to coronal scan projections of water and fat 
distributed in the whole breast, 


METHOD 

The NMR line scanning technique used here has been 
largely described elsewhere (Mansfield, et al., 1976). The 
principle of operation is: mobile protons contained in the 
water, fat or oil distributed throughout biological material 
are first aligned in a large static magnetic field. A weak 
nuclear magnetization results due to the small magnetic 
moment possessed by each proton or hydrogen nucleus. 
The weak polarization produced is proportional to the 
localized proton density (water content, etc.); this is read 
out line by line across the specimen by applying switched 
magnetic field gradients to define position within the speci- 
men, and weak radiofrequency (rf) pulses tuned to the 
nuclear resonance frequency. The rf pulses perturb the 
nuclear magnetization from alignment and transient nuclear 
free~induction decay (FID) signals are recorded and Fourier 
analysed to yield the effective proton density of the specimen 
along a particular line, 

The static field used was approximately 1 kG correspond- 
ing to a resonance frequency of 4.0 MHz. 

in addition to distributed content of water and fat etc., 
the spatial distribution of spin lattice relaxation times 
Ty (x, y) can be measured. Ti is the time for disturbed 
protons to realign in the large polarizing field. Changes in Ti 
reflect differences in mobility of the water and also dif- 
ferences in metabolic activity and dissolved salts contained 
in the cytoplasmic and extra-cellular water. 

Immediately after scanning, the tissue was immersed in 
20% formalin in which it remained for four days. It was 
then deep frozen and horizontal slices of about 8 mm 
thickness prepared and photographed. Paraffin sections of 
selected parts confirmed the presence of malignant tissue. 


The distribution of the carcinoma was reconstructed from 
the sections. 


RESULTS AND Discussion 

The NMR images (Fig. 1a and B) reflect the general out- 
line of the specimen. This correlates well with the outline 
of the fixed specimen (Fig. 2). In Fig. 1a each line of the 
picture was averaged 512 times with a delay of 0.15 sec. The 
dark zone to the right corresponds with the nipple region 
and underlying carcinoma and the larger dark central and 
left image corresponds to the main mass of the tumour (a 
scirrhous carcinoma). Bright zones on the scan correspond 
to normal breast tissue and the general gradation of the 
image intensity towards the periphery reflects the pro- 
gressively reduced thickness of sample towards the edges. In 
normal tissue the thickest part of the specimen (the centre) 
would be expected to yield the brightest zone in the image. 

Figure 1s is the same specimen scanned immediately after 
producing Fig 14 but with the delay time doubled to 0.3 sec. 
The dark nipple region remains but contrast in the tumour- 
ous region is reduced as a result of a somewhat longer 
Tı compared with that of surrounding normal tissues 
(Damadian, 1971). 

The image intensity of the nipple region does not change 
so significantly with decrease in repetition period and in- 
dicates that in the excized specimen this region has a lower 
water and/or fat content in keeping with known histological 
structures. 

A second breast containing a large circumscribed fibro- 
adenoma about 4 cm in diameter taken from a 73-year-old 
woman has also been examined and shows an image con- 
sistent with the tumour position. 

Further study of breast tumours by NMR is continuing 
and we hope soon to be able to use the whole body imaging 
capability of the machine which allows examination of 
breasts in vivo before operation. 
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Fic, 1. 


NMR line scan images of excised breast: 

(a) Delay time 0.15 sec. Dark region to right corresponds 
with nipple. Dark central region corresponds to tumour site. 
(B) Delay time is increased to 0.30 sec thus generally lower- 
ing picture contrast so that only the main mass of the tumour 
in the centre is revealed. Dark region to left of each picture 
corresponds to a notch in the tissue mass. 





Fic. 2. 


Reconstruction of position of scirrhous carcinoma which 

was thickest centrally and tapered towards left and right 

margins. Position of nipple indicated by black circle, 
Axillary tail is at the top of the specimen. 
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Anaesthesia and efficacy of hyperbaric oxygen 
in radiation therapy 


"THe Eorror—-Sir, 

Respiration of pure oxygen at 200 kPa (two atmospheres) 
has been shown to be effective in achieving significant re- 
ductions in the TCD 50 for fractionated radiation therapy of 
a number of experimental tumours (Suit and Maeda, 1967; 
Suite and Suchato, 1967, Suit et al., 1977). This improve- 
ment in results was of large magnitude and was observed 
with all fractionation schedules where two or more fractions 
were employed. The ratio of TCD50 air/TCD50 Oz at 200 
kPa was in the range of 1.60-1.87 (Suit et al., 1977). The 
effectiveness of hyperbaric oxygen with a single dose of 
radiation was much less impressive, viz. a ratio of 1.12 (Suit 
and Maeda, 1967). In all of these experiments the mice were 
anaesthetized with sodium pentobarbital (0.05 mg/g body 
weight). In the study discussed in this letter this ratio was 
much smaller in non-anaesthetized than in anaesthetized 
mice, viz. 1.23 w. 2.0. 

Recently, a TCD50 assay at 200 kPa was performed with 
mice which were not anaesthetized. There was only a mini- 
mal reduction in TCD50 as compared with the control or air 
assay. After a careful review of that experimental protocol an 
experiment was designed to examine specifically the effect of 
pentobarbital anaesthesia to modify the response of our 
C3H mouse mammary carcinoma to Og at 200 kPa and 
radiation. Results of that experiment are shown in Table I. 
Third generation isotransplants of MDAH-MCaiv tumour 
were irradiated when 8 mm in diameter; radiation was given 
in two equal doses with 72 hours separation. The mice had 
been assigned by a random number scheme to one of the 
dose levels of one of three assays (A, B and C) at the time of 
transplantation. For the control assay (A), irradiation was 
performed under “air”, normal breathing conditions with- 
out anaesthetic. In the test groups (B and C) tumours were 
irradiated while the mice respired Og at 200 kPa for 15 
minutes before and then during each irradiation. Mice in 
Group B were unanaesthetized and those in Group C were 
given 0.05 mg/g body weight pentobarbital intraperitoneally 
before treatment. The TCD50 value for assay C is signifi- 
cantly lower that that for assay B (p < 0.01). The TCD50 for 
assay B is lower than that for assay A (air) (p= 0.05). 

‘This large advantage given by anaesthesia in mice treated 
while respiring Og at 200 kPa is not due to any cytotoxic 
action of the pentobarbital. Earlier, TCD50 values were 
determined for air-breathing, normal or pentobarbital 


x TABLE I 
DEPENDENCE OF EFFICACY OF Og at 200 KPa (2 ATMOSPHERES) 
TO REDUCE TCD50 AND USE OF ANAESTHESIA 
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Anaesthesia: Pentobarbital 0.05 mg/g body weight 





TCD50 (95% Con- | TCD50 air 
horace limits)* TCD50 O2 
rad 
Air 7430 (6920 . . . 7980) 1.00 
Oy 200 kPa 
No anaesthesia | 6030 (5060... 7180) 1.23 
Os 200 kPa 
Pentobarbital 3700 (2720 . . . 5040) 2.01 


LELEA i 
* Analysis on 120 day results. 





anaesthetized mice for radiation administered in ten equal 
doses with 24 hours between doses. The results were 10480 
and 10400 rad respectively (Suit et al., 1972). This finding is 
also not likely to be explained simply on the basis of the 
anaesthesia blocking the vaso-constriction induced by 
oxygen, as the ratio of TCD50 air/TCD50 Og 200 kPa is 
only about 1.1 for single dose irradiation. Milne et al. (1973) 
have reported that for single dose irradiation of KHT 
sarcoma, respiration of Og at 200 kPa effected no greater 
reduction in survival fraction in control of pentobarbital 
treated hosts than for respiration of Og or air (Hill et al., 
1971) at normal pressure. We have experiments in progress 
which are designed to assist in elucidation of the mechanism 
of the phenomenon described in the murine tumour systems, 
with particular emphasis on fractionated irradiation, 

The initial clinical experience with hyperbaric oxygen 
which was so optimistically interpreted was based on pento- 
barbital-anaesthetized patients (Churchill-Davidson et al., 
1955; 1957). However, virtually all subsequent work and 
the published reports of trials of hyperbaric oxygen are 
based on non-anaesthetized patients. From the data 
presented here the possibility of a role for anaesthesia in the 
clinical combination of hyperbaric oxygen and radiation 
therapy may be considered. 

Yours, etc., 
H. D, Sur, 
P, Marmonis, 
T. A. RICH, 
R. S. SEDLACEK. 
Edwin L. Steele Laboratory of Radiation Biology, 
Department of Radiation Medicine, 
Massachusetts General Hospital, 
Harvard Medical School, 
Boston, MA 02114, USA. 
(Received September, 1978; revised November, 1978) 
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Renography in the long-term follow-up of renal 
transplant patients 


Tue Eprror—Sir, 

The use of renography in the long-term follow-up of 
renal transplant patients as described by Doherty ef al. 
(1978) is highly commendable. In their article the authors 
attach a great deal of importance to the shape characteristics 
of renogram curves as defined by the quantities: time to 
peak, second phase slope, sharpness of peak and rate of fall 
of third phase. 

Despite the difficulties of interpreting these character- 
istics in a quantitative manner, they are always what one 
looks at when trying to make clinical judgements from 
renograms. Some of the uncertainties surrounding reno- 
gram shape characteristics can be reduced if the patient’s 
urine flow-rate across the renogram is known. 

Even when patients are not given any special instructions 
regarding hydration they can still arrive at the hospital in all 
conditions ranging from oliguric (e.g. 9.00 am appoint- 
ment—no time for breakfast—no drink since last night) to 
highly diuretic (2.00 pm appointment—pub lunch plus 
two pints of beer across the road), The peak time of any 
renogram is strongly influenced by the urine flow-rate. In 
fact the whole shape of the curve can depend on this and a 
simple measurement of urine flow by emptying before and 
after renography helps enormously in the interpretation of 
bizarre shapes. 

‘The normally smooth third phase of a renogram at urine 
flow-rates greater than 2 ml/min can become quite irregular 
at a urine flow of less than about 1.5 ml/min. Figure 3 in the 
article referred to shows a curve with a peak time of four 
minutes and an irregular descent phase and, as the author 
suggest, these irregularities could be due to abnormal peri- 
stalsis, variation in renal blood flow or vescico-ureteric 
reflux. It could also be a perfectly normal finding in the 
presence of a low urine flow-rate. The peak time of four 
minutes does suggest a urine flow-rate of 1.5 ml/min or less, 
a condition under which third phase irregularities are quite 
common and do not necessarily suggest abnormalities. 

May we recommend that the standard renography proto- 
col includes the measurement of urine flow rate-—a measure- 
ment which we consider essential if the characteristics dis- 
cussed are to have the clinical significance often accorded to 
them. Under some conditions oliguric and diuretic reno- 
grams can differ so markedly that one of them alone could 
not possibly tell the clinical story very satisfactorily, There 
is a case for suggesting that some patients should have, as 


Book review 


Guide pratique de Radtologie Vasculaire. By J. P. Monnier 
and J. Chermet, pp. viii 207, 1978 (Masson, Paris), F.80. 
ISBN 2-225-49335-9. 


This small French monograph sets out to provide a 
practical guide to vascular radiology. After a preliminary 
section on technique, materials, anaesthetics, and general 
supervision, various types of arteriography are considered in 
detail. It lists most vascular investigations and provides 
brief technical information as to the method of carrying 


standard procedure, two renograms at widely differing flow- 
rates. 
Yours, ete., 
A. R, CONSTABLE, 
S. ADLER, 
R. CRANAGE, 
E. Hocerw., 
Department of Medical Physics, 
St. Paul’s Hospital, 
Endell Street, 
London, W.C.2. 
(Received October, 1978) 
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(In reply) 
Renography in the long-term follow-up of renal 
transplant patients 


Tue Eprror—-Sir, 

We endorse the recommendation of Dr. Constable and 
his colleagues (1979) that urine flow rate should be in- 
cluded in standard renography protocols, and omission of 
this information is a valid criticism of the methodolagy sec- 
tion of our paper (Doherty et al., 1978). All renograms in the 
study were in fact carried out under conditions of diuresis, 
and therefore our observations on peak time and third phase 
irregularity cannot be attributed to low urine flow-rates as 
suggested. Our conclusions are therefore unchanged. 

Yours, ete., 
C. C. Douerry, 
J. F. DovGLAs, 
Renal Unit, Mary G. McGrown. 
Belfast City Hospital, 
Belfast BT9 7AB. 
(Received November, 1978) 
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them out. There are some 20 illustrations in the form of 
diagrams, but no X-ray reproductions. 

This is not a book to recommend to beginners in angi- 
ography since your reviewer believes that angiography is a 
technique in which proficiency and safety can only be learnt 
at first hand by practical instruction on the apprentice 
system. However, the book could prove useful to experi- 
enced workers in angiography who wished to check up on 
points of detail about particular procedures, 

D, SUTTON. 
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Proceedings of The British Institute of Radiology 
Benign bone disease—role of radioisotope techniques 


Abstracts of papers presented at a combined meetin 


g of The British Institute of Radiology and the 


British Orthopaedic Association on Wednesday, May 31, 1978, at the Edward Lewis Theatre, 
The Middlesex Hospital Medical School, Mortimer Street, London, W.1. 


‘The mechanism of uptake of 9°Tc™-labelled phosphates, by J. P. Lavender. 
Bone scintigraphy in the early diagnosis of caisson disease of bone—an experimental study, by P. J. Gregg, J. Stothard and 


D. N. Walder. 


A quantitative assessment of femoral head activity using 99Te™ 


by T. R. Morley, D. J, Dowsett and M. D. Short. 


-labelled phosphates and a computer data collecting system, 


‘The bone scan in acromegaly, by I. Fogelman, 1. D. Hay, J. G. Turner, D. H. Carr, D. L. Citrin and W. R. Greig. 
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THE MECHANISM OF UPTAKE OF 99'T'cm 
LABELLED PHOSPHATES 


By J. P. Lavender 


Department of Radiology, Hammersmith Hospital 
Du Cane Road, London W12 0HS 


‘The mechanism of the uptake of radionuclides into bone has 
been the subject of discussion over a number of years. The 
two general mechanisms that can be postulated would be 
that of the regional distribution of bone blood flow or 
alternatively a change in the extraction efficiency of bone. 

We have used several experimental approaches to this 
problem all based on a model involving the injection of a 
bone-seeking radionuclide (technetium labelled methylene 
diphosphonate—°*Tc™-MDP) into the nutrient artery of 
the tibia of the dog. The first sequence of experiments was 
to look at the immediate extraction and four hour residue in 
normal and abnormal bone. It was found that although the 
immediate extraction into bone was fairly high the radio- 
activity was washed out from bone and left a four hour 
residue in normal bone of 4.9-£1%. In abnormal bone, how- 
ever, this residue was increased 13.4 41.1%. 

The second approach was to compare the regional distri- 
bution of the bone-seeking isotope with the regional distri- 
bution of blood flow to the bone. Profiles of blood flow were 
produced by injecting labelled radioactive microspheres into 
the nutrient artery and also by observing the steady state 
radioactivity produced by a constant infusion of the short- 
lived gas krypton 81m. Profiles of the distribution of the 
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bone-seeking isotope differed from the profiles of regional 
blood distribution both in normal and abnormal bone and 
showed that for moderate increases in flow associated with a 
fractured bone there was a marked increase in radionuclide 
uptake. 

Lastly, autoradiographs of rat bone were performed both 
following an intravenous bolus and following incubation of 
bone with the bone-seeking isotope °°T’c™-MDP. Both 
autoradiographs showed increases of activity in the region 
of newly-formed bone adjacent to the epiphyseal plate. This 
technique therefore demonstrates that uptake of radio- 
isotope into bone is not uniform but is increased in newly 
formed bone even in vitro. 

In conclusion, therefore, we would suggest that the 
distribution of bone-seeking isotopes is dependent on bone 
blood flow but also on a local factor causing an increase in 
“avidity”. 


BONE SCINTIGRAPHY IN THE EARLY DIAGNOSIS 
OF CAISSON DISEASE OF BONE-——AN 
EXPERIMENTAL STUDY 


By P. J. Gregg, J. Stothard and D. N. Walder 


Royal Victoria Infirmary 
Newcastle upon Tyne NET 4LP 


Caisson disease of bone affects compressed air workers and 
divers (McCallum, 1975) and is characterized by the pres- 
ence of bone and marrow necrosis which may result in the 
development of a severe arthrosis of both shoulders and hips. 
Prevention is not possible, treatment unsatisfactory and 
therefore early diagnosis is important in order that an 
affected individual may be advised to stop this type of work 
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before the condition reaches an advanced state. Radiography 
is unsatisfactory (Davidson, 1976) because of the long delay 
between the causal incident and the appearance of an abnor- 
mality. Whether bone scintigraphy could detect the new 
bone formation known to be present in an affected area at an 
early stage has been investigated. 

Bone and marrow necrosis was produced by embolism of 
rabbit femora with glass microspheres. It was possible to 
detect areas of bone/marrow necrosis (as “‘hot-spots” three 
weeks after operation by 9°T'c™-diphosphonate scintigraphy 
whereas radiographs remained normal for 12 weeks. Histo- 
logical examination of excised femora confirmed the pres- 
ence of bone necrosis associated with new bone formation in 
the abnormal areas depicted on the scintigram. In addition 
there were also areas of bone necrosis, not associated with 
new bone formation, which were not detected on the scinti- 
gram. New bone formation was present not only in relation 
to dead bone but also in dead marrow. 

Preliminary use of scintigraphy in North Sea divers has 
shown that this may be a useful method for surveillance of 
this group of men. 
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A QUANTITATIVE ASSESSMENT OF FEMORAL HEAD 
ACTIVITY USING 99Tc™-LABELLED PHOSPHATES 
AND A COMPUTER DATA COLLECTING SYSTEM 


By T. R. Morley 
King’s College Hospital, Denmark Hill, London SE5 
D. J. Dowsett and M. D. Short 


Department of Medical Physics and Bio-Engineering 
University College Hospital, Gower Street, London WC] 


A technique was described for assessing the abnormal 
femoral head activity in Legg-Calve-Perthes’ disease, using 
*°Tc™-labelled phosphates. Thirty-six children, between 
the ages of 4 and 11, with either confirmed or suspected 
Perthes’ disease, were investigated and a control group of 
28 children scanned for other pathology was used. All the 
children were scanned on an out-patient basis. Following 
intravenous injection of the isotope, the child was placed 
supine under a gamma camera and a total of 500,000 counts 
was collected, by a computer, using a high sensitivity, low 
energy, parallel hole collimator. A reference point on the 
data matrix which was unaffected by the disease, was used 
for deriving comparative uptake ratios in each femoral head. 
This reference point remained unaltered during surgical 
procedure or during the follow-up period. The use of the 
technique was discussed in early diagnosis and follow up, 
both in unilateral and bilateral disease. 


THE BONE SCAN IN ACROMEGALY 


By I. Fogelman, I. D. Hay, J. G. Turner, 
D. H. Carr, D. L. Citrin and W. R. Greig 


Royal Infirmary, Glasgow G4 OSF 


Technetium-99m diphosphonate bone scans were per- 
formed in 20 acromegalic patients. Twelve patients had 


active disease with elevated basal human growth hormone 
(HGH) levels. Eight patients were in clinical and biochemic- 
al remission. 

The bone scans were assessed independently by three 
observers for features considered characteristic of increased 
metabolic bone activity, z.e. increased tracer uptake by axial 
skeleton, long bones and wrists; prominence of calvarium 
and mandible; beading of the costo-chondral junctions; a 
“tie? sternum; and faint or absent kidney images. These 
scan features were numerically graded and the total score 
for each patient defined as the ‘“‘metabolic index”. 

The metabolic index correlated well with biochemical 
activity as measured by HGH radioimmunoassay (R=0.72; 
p<0.001) and accurately identified those patients with 
severely active disease (HGH > 50 mU/I). 

It is considered that the bone scan and derived metabolic 
index may provide a means of assessing current metabolic 
activity in patients with acromegaly. This may be of value 
in the post-operative period when HGH may not be an 
accurate measure, or where there is a discrepancy between 
clinical assessment and biochemical findings. 


THE DIAGNOSTIC ROLE OF BONE SCANNING 
IN PAEDIATRICS 


By J. M. Ash 
Hospital for Sick Children, Toronto, Canada 


Bone scanning using %T'c™-phosphate compounds has 
become an important diagnostic tool in benign paediatric 
bone disease, both to diagnose unspecified bone pain and to 
rule out malignancy in known lesions. 

It is useful to characterize and define bone abnormalities 
which may or may not be present radiologically. The study 
should include “blood pool” images of appropriate sites 
performed immediately after injection, as well as delayed 
scans to gain optimum information regarding the nature of 
the lesion. 

In contrast to malignant tumours, most benign neoplasms 
will show either no abnormal uptake or slightly increased 
radioactivity, e.g. fibrous cortical defect, benign cyst, osteo- 
chondroma (Gilday and Ash, 1976). In this way malignancy 
may be ruled out, although occasionally an osteochondroma 
can show marked increased uptake without malignant 
change. Typically an aneurysmal bone cyst will show in- 
creased vascularity on the blood pool image with uptake at 
its margin on the delayed scan. Osteoid osteoma may be 
difficult to see radiologically, particularly in the spine, but 
shows marked focal accumulation on the bone scan. In 19 
cases, all look typically positive scans of which two were not 
seen radiologically and three were seen only in retrospect. 

Occult bone trauma is readily detected particularly in the 
battered child and vascularity may be assessed where bone 
necrosis is suspected. 

Osteomyelitis may be differentiated from cellulitis by the 
more focal increase in bone activity on both the blood pool 
and delayed images. The scan is frequently positive before 
radiographic changes are present, and so is useful in detect- 
ing infection, particularly in unusual sites and in discitis. 
Absent radioactivity is seen if septic necrosis has occurred. 
In 43 patients with normal scans, only one had osteomyelitis 
and one septic arthritis. Seventy out of 70 cases of osteo- 
myelitis were correctly diagnosed as were 13 out of 13 cases 
of cellulitis and eight out of eight cases of septic arthritis 
(Gilday et al., 1975). However, only four out of 14 sites of 
involvement were detected in neonates with osteomyelitis 
even using magnification and high resolution techniques. 
Many of these patients had marked radiographic bone 
changes. Gallium-67 citrate may be useful in equivocal 
cases, 


247 


VoL. 52, No. 615 


Proceedings of The British Institute of Radiology 


When the radiographs are normal or equivocal the bone 
scan may be used as an aid to diagnosis and also to direct 
further X-ray investigation; when radiographs are abnormal 
the bone sean can be useful to characterize the lesion. 
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EVALUATION OF THERAPY IN PAGET’S DISEASE 
BY MEANS OF BONE SCINTIGRAPHY 


By C. J. L. R. Vellenga, E. K. J. Pauwels, 
©. L, M. Bijvoet and W, B, Frijlink 


Departments of Radiology and Endocrinology 
University Medical Centre 
Leiden, The Netherlands 


in a previous publication the merits of bone scintigraphy in 
Paget’s disease were stressed (Vellenga et al., 1976). In this 
study the value of bone-scintigraphy in the evaluation of the 
therapeutic effect of a combination of calcitonin and 
EHDP was determined. Thirty patients were studied half- 
yearly using 20 mCi %'T'c™-EHDP and a scoring method 
ranging from 1 to 6 (1=normal, 6=-extremely abnormal). 
The skull tended to get highest scores, the spine lowest 
scores. Monostotic lesions showed higher scores and did not 
normalize. 


Although of these 30 patients 25 normalized biochemically 
(Bijvoet et al., 1979), only two did so scintigraphically. Of 
106 affected bones only 36 normalized. 

Moreover, ten patients deteriorated; seven during treat- 
ment and three after the end of treatment. This deteriora- 
tion was confirmed biochemically in five patients, usually 
several months after scintigraphic deterioration. With 
higher initial scores, tendency to later deterioration is 
greater. 

Conclusions: 

(1) There are different “Paget’s diseases”, depending on the 
site in the skeleton. Initial activity, response to therapy 
and behaviour after stopping therapy are not equal. 

(2) Nermalization of biochemical values does not implicate 
normalization of local disease. 

(3) Bone scintigraphy might be the most sensitive param- 

eter for the activity of the disease and will detect deter- 

ioration earlier than biochemistry does. 

There still are many unsolved questions on the mechan- 

ism of uptake of scintigraphic agents and results there- 

fore should be interpreted carefully. 
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THE USE OF 99 P'c™-pIPHOSPHONATE IN THE 
EVALUATION OF METABOLIC BONE DISEASE 


By I. Fogelman, J. G. Turner, D. L. Citrin, 
I. T. Boyle and W. R. Greig 


Royal Infirmary, Glasgow G4 OSF 


It is now apparent that recognizable patterns of abnormality 
and several ‘‘metabolic features” may be seen on the bone 
scans of patients with metabolic bone disease (Fogelman et 
al., 1978). However, skeletal imaging is of limited value in 
the diagnosis and evaluation of those patients providing the 
most difficulty in clinical practice, e.g. patients with osteo- 
porosis or “mild” primary hyperparathyroidism. In such 
cases quantitation of skeletal uptake of radiopharmaceutical 
may be of value. 

Skeletal avidity for °°Tc™-hydroxyethylidene diphos- 
phonate (HEDP) is related to bone blood flow and osteo- 
blastic activity and there is rapid renal excretion of adminis- 
tered activity not taken up by bone. We have, therefore, 
suggested that 24 hour whole body retention of Tom. 
HEDP may be an accurate index of bone metabolism, both 
in health and disease. 

Using a shadow-shield whole-body monitor we have 
measured 24 hour skeletal uptake of ’Tco™-HEDP in 68 
healthy control subjects and 77 patients with metabolic bone 
disease. The renal osteodystrophy, Paget’s, osteomalacia and 
primary hyperparathyroidism groups had significantly 
elevated values for 9*T'c™-HEDP retention (p< 0.001) and 
each individual result in these groups lay outside the control 
range. The osteoporotic group could also be distinguished 
from the control population (p < 0.001) but some individual 
results were normal. 

It is concluded that 24 hour skeletel uptake of Tem- 
HEDP provides useful supplementary information to the 
bone scan and is a sensitive indicator of conditions with 
increased bone turnover. 
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THE USE OF RADIOISOTOPE IMAGING IN THE 
DIAGNOSIS OF STRESS AND SCAPHOID FRACTURES 


By A. J. W. Hilson, T. F. El Sayed, 
A. J. S. Saunders and M. N. Maisey 


Departments of Nuclear Medicine and Radiology 
Guy's Hospital, London SET 9RT 


In view of the previously reported use of bone imaging in 
military stress fractures, we have performed a series of 
studies in 18 athletes and ballet dancers with suspected 
stress fractures and also in eight patients with suspected 
scaphoid fractures. In all cases the results were compared 
with the radiographic findings. 

In all cases of suspected stress fracture where the X rays 
and nuclear medicine study were performed at the same 
time, the radioisotope study showed a higher sensitivity and 
was positive in 15 out of 18 patients. In particular, the 
nuclear medicine study often showed multiple lesions where 
only one was visible radiologically, and it was also of value in 
assessing progress. 

In 17 patients with suspected scaphoid fractures, with 
X rays which were negative at the time of visit to the 
casualty department, six had focally positive scans, of which 
four were later positive on X ray. 
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Our findings would suggest that radioisotope scan is the 
initial investigation of choice in patients with suspected 
stress fracture, particularly as a correct diagnosis allows 
early return to training if negative. The place of imaging in 
suspected scaphoid fracture is less clear, and further studies 
are being performed. 


THE VALUE OF BONE SCANNING IN THE 
EARLY DIAGNOSIS OF OSTEOID OSTEOMA 


By D. C, Jameson Evans and D. L. Gilday 


Hospital for Sick Children, Toronto, Canada 


The efficiency of diagnosis of osteoid osteoma is compared 
before and after the introduction of bone scanning. Osteoid 
osteoma may lie latent to radiographic diagnosis and when 
manifest may be poorly localized. Scans were performed 
using *°T'c™-methylene diphosphonate. Twenty-seven cases 
were reviewed, 17 diagnosed prior to the introduction of 
scanning and ten after. Before the intreduction of scanning, 
the average delay in diagnosis from presentation was 10.5 
months whereas it was immediate where scanning was 
employed. In the unscanned group, additional investigations 
included five myelograms, one arteriogram and three 
psychiatric referrals. One child was subjected to laminec- 
tomy without improvement. In addition six cases required 
re-operation for recurrence. In the scanned group, no highly 
invasive investigations were employed and no recurrences 
have yet been reported, the minimum follow-up being two 
years. Bone scanning has proved to be useful in accurate 
localization of the lesion resulting in complete removal. This 
has been particularly helpful in the spine where radiographic 
localization may be lacking. The appearances on the scan of 
osteoid osteoma are characterized by a small area of high 
uptake. 

It is felt that bone scanning should be employed early in 
children with unexplained bone pain. 


SCINTIGRAPHY IN THE EARLY DIAGNOSIS 
OF SACRO-ILEITIS 


By E. C. Dunn, R. W. Ebringer and P. J. Ell 


Departments of Rheumatology and Nuclear Medicine 
The Middlesex Hospital Medical School, London W1 


PURPOSE 

The aim of the study was to establish the usefulness of a 
quantitative technique for measuring the uptake of Tem- 
labelled phosphates in the skeleton as a method of detecting 
inflammatory change in suspected early sacro-ileitis. This 
condition is difficult to diagnose in the early stages, since 
radiological changes appear late, and serum enzyme methods 
are non-specific. 


METHOD 

For this purpose, a large field Nuclear Enterprises Digi- 
camera with a 32K store general purposes computer was 
used, Patients were imaged after intravenous administration 
of 15 mCi of Te™-MDP (methylene diphosphonate). 
Routine 400K count images were recorded of the posterior 
pelvis, SI joints and lumbar spine. Fractional quantitation 
was performed by dividing the sacroiliac region into three 
horizontal, adjacent, but non-overlapping areas, and counts 
were taken over both sacroiliac joints and central sacrum at 
each level. After background subtraction, sacroiliac/sacral 
ratios and a sacroiliac index were calculated for each subject 
(Russell et al., 1975; McIntyre et al., 1977). A total of 31 


bone scans have been performed to date in subjects under 
45 years, including six normal controls, five patients with 
clinically definite active ankylosing spondylitis, two Reiter’s 
disease and two with psoriasis and 16 patients with low back 
pain, and possibly early sacro-ileitis. 


RESULTS 

Bilaterally high uptake giving high SI/S ratio and high 
S-I index were obtained in four patients with AS and six 
of the group with suspected sacro-ileitis. Unilateral high 
uptake and high SI/S ratio were obtained in three subjects 
(two Reiter’s syndrome, one psoriasis). All these had grade 
0-2 sacroiliac X rays (normal to minimal change). Two AS 
patients with grade three X rays (definite change) had SI/S 
ratios and SI index within the normal range. 


CONCLUSION 
The data shows that quantitative scintigraphy is useful in 
the early diagnosis of sacro-ileitis (prior to definite X-ray 
changes). It is not useful to apply the technique once definite 
X-ray changes are established. For sensitive detection, each 
S-I joint requires multi-level analysis. The procedure is par- 
ticularly useful for monitoring during follow-up. 
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THE BONE SCAN AS AN AID TO THERAPY 
IN PAEDIATRIC DISEASE 


By J. M. Ash 


Division of Nuclear Medicine 
Hospital for Sick Children, Toronto, Canada 


Bone scanning is useful to assess the response to therapy in 
certain diseases as well as to indicate the stage of the disease, 
particularly in the hip. 

After the injection of a °°T'c™-phosphate compound the 
hip is imaged in internal rotation, using routine gamma 
camera and pinhole magnification (2.3 mm insert) tech- 
niques. An image of the affected hip is taken for the same 
time as the normal one, so that one can compare the relative 
activity (Ash et al., 1975). Approximately two-thirds of the 
children presenting with symptomatic hips were studied for 
synovitis or Legg-Perthes disease. One hundred and five 
scans were done for suspected synovitis or Legg-Perthes; 
seven showed decreased activity in the femoral head (five 
had normal and two had equivocal radiographs). Thirty-six 
patients with Legg-Perthes were studied to stage the disease. 
Patients with synovitis will show either normal uptake or 
slight diffuse increase over the affected hip; none with this 
appearance later developed Legg-Perthes disease. Those 
with Legg-Perthes show either partial or total absence of 
activity in the femoral head initially. When revascularization 
occurs, a band of increased activity is seen laterally in the 
head. Since the bone scan abnormalities antedate the radio- 
graphic changes by several months, it is useful in initiating 
appropriate management (Danigelis, 1976). 

Decreased activity in the femoral head in patients with 
joint effusions indicates ischaemia and the need for immedi- 
ate aspiration if necrosis is to be avoided. Followinga fracture 
of the femoral neck or a slipped femoral capital epiphysis, 
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the scan is valuable in assessing viability of the femoral head. 
Serial studies are subsequently performed to monitor heal- 
ing after pinning and to show fusion of the epiphyseal plates 
before removal of the pins. 

In children with arthritidees, the bone scan can be used to 
detect sub-clinical involvement of joints, especially on the 
blood pool image, and to assess the response to therapy. The 
bone scan is of potential value to demonstrate pseud- 
arthroses as a cause of back pain in patients with scoliosis 
treated surgically, and to indicate the metabolic activity of 
soft tissue ossification in cases of myositis ossificans, being 
considered for surgery. 

Pusing cranial sutures initially show increased activity on 
the bone scan and later decreased activity when the process 
is complete. False positives may occur if one is not aware of 
reactive increases in normal sutures; lambdoid sutures are 
difficult to assess in a very young infant and may give false 
negative results. When the radiographs are equivocal in 
craniosynostosis, the bone scan is valuable in deciding which 
sutures are involved (Tait et al., 1979). 
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AN EXPERIMENTAL MODEL OF DISC SPACE 
INFECTION AND ITS EARLY DIAGNOSIS 
BY Ga SCANNING 


By S. H. Norris 


Bristol Royal Infirmary 
Marlborough Street, Bristol BS2 8WH 


M. G. Ehrlich and K. McKusick 


Department of Orthopaedics and Department of 
Nuclear Medicine, Massachusetts General Hospital 
Boston, Massachusetts 02114, USA 


The authors stated that the pathogenesis of disc space infec- 
tion is unknown. Some authors believe the disease to start 
primarily in the intervertebral disc and others believe that 
the infection commences primarily in the vertebral body 
and invades the disc as a secondary event. By creating an 
experimental model of disc infection in rabbits by inoculat- 
ing the disc with staphylococci under direct vision, they 
showed that the infection does commence primarily in the 
intervertebral disc. In addition the authors have confirmed a 
clinical finding which suggested that the diagnosis may be 
made earlier with ®7Ga-citrate as an isotope than °°Tc™- 
diphosphonate. Using two groups of animals, one scanned 
in vive and the other scanned in vitro it was shown that ®’Ga 
sean becomes positive within 24 hours and that at about 
three weeks the #PTe™ scan is positive which is about the 
same time that the radiographs show signs of infection. It is 
suggested on the basis of this experiment that ®*Ga be used 
as the isotope of choice in the diagnosis of this disease in the 
clinical context. 


SCINTIGRAPHIC AND ROENTGENOGRAPHIC 
EVALUATION OF TOTAL HIP ENDOPROSTHESES 


By W. Bessler 


Department of Radiology 
Kantonsspital 8400 Winterthur, Switzerland 


Roentgenograms and scintigrams of 78 hip endoprostheses 
were assessed by comparative examinations, A loosening of 
the acetabular cup was present in seven hips and a loosening 
of the femoral stem in 34 hips. An infection had occurred in 
two cases with stable and in nine cases with unstable hip 
endoprostheses. As symptoms of a loosening of a prosthetic 
component signs of bone resorption, cortical erosions, cracks 
in the bone cement and a change of the position were ob- 
served on roentgenograms and a focal or diffuse increase of 
the tracer uptake on the scintigrams. Corresponding roent- 
genographic and scintigraphic findings were seen in 12 
stable and in 31 unstable hips. Twenty-five acetabular cups 
and eight femoral stems showed symptoms of loosening on 
the roentgenogram, but in fact were stable as could be 
proven by the scintigram and the further clinical course or 
by re-operation. The loosening of the femoral prosthetic 
components with negative roentgenograms was demon- 
strated by bone scans in six cases. In hips with a rigid seat 
of the arthroplasty an increased tracer uptake was seen in 
recently implanted prostheses or was caused by resorptive 
bone processes, by abnormal pressure effects on bone, by 
soft tissue calcifications or by pseudoarthrosis of the major 
trochanter. In the assessment of hip endoprostheses minor 
details on the roentgenograms have to be noted and com- 
pared with the scintigraphic findings. For the interpretation 
of the scintigram the exact localization of an increased tracer 
uptake has to be found out by comparison with the re- 
spective roentgenogram. In special cases of hip endopros- 
theses causing discomfort to the patient, which cannot be 
clarified by the clinical and the roentgenographical examina- 
tions, bone scanning can be of value. 





99° cM. METHYLENE DIPHOSPHONATE SCANNING 
IN THOMPSON HEMIARTHROPLASTIES 


By N. Rushton 
Orthopaedic Surgery, Cambridge University 
and E. P. Wraight 


Nuclear Medicine Department 
Addenbrooke’s Hospital, Cambridge 


All patients considered had had a Thompson hemiarthro- 
plasty for fractured neck of femur, all were well, mobile, 
and had no significant hip symptoms. Clinical and haemato- 
logical examinations were used to exclude infection. 

The patients were divided into loose or firmly fixed 
(control) groups according to radiological evidence (some 
prostheses were not fixed with bone cement). The average 
time from arthroplasty to scan with 15 mCi #°T'c™ methylene 
diphosphonate was 18 months. Five out of six patients with 
loose prostheses showed focal increase around the prosthesis. 
One patient showed significant but diffuse increase, The 
eight patients of the control group showed either minimal 
diffuse uptake or no increase. 

The indication of loosening was felt to be focal increase in 
uptake particularly in the areas around the hip and collar of 
the prosthesis. 

‘The acetabular area was studied and either diffuse uptake 
or no increase was determined. 

The time from arthroplasty to scan was considered and it 
was concluded that around a femoral prosthesis a minimum 


250 


Marcu 1979 


Proceedings of The British Institute of Radiology 


of ten months is needed before the final post-operative level 
is reached. 


BONE SCINTIGRAPHY IN DIALYSIS PATIENTS 
By P. de Graaf and E. K. J. Pauwels 
University Hospital, Leiden, The Netherlands 


The value of 9°Tc™-EHDP scintigraphy in the detection of 
renal osteodystrophy and metastatic pulmonary calcification 
was studied in 30 dialysis patients, after reducing back- 
ground activity with haemodialysis to levels found in a 
normal control group. Scans were obtained after 6 hours 
and quantitative data were collected by registering count 
rates in standardized regions of interest in both groups. 

All patients had histological evidence of renal osteo- 
dystrophy, but only 46% showed X-ray abnormalities. How- 
ever, abnormal scans were found in 83% and quantitative 
analysis showed increased skeletal activity accumulation in 
all patients, when compared with normals. Bone scinti- 
graphy thus appears to be a sensitive method for detecting 
E involvement in renal osteodystrophy (de Graaf etal., 

Pulmonary calcification, which occurs in dialysis patients, 
is known from autopsy studies to have an incidence of about 
60-70%, was detected with scintigraphy only in one patient 
and histological proof of extensive calcification was obtained. 
High chest-to-spine activity ratios were found in 66% of the 
patients, when compared with normals, and was highest in 
the patient with proven calcification. Although these high 
ratios are suggestive for increased pulmonary radionuclide 
uptake, conclusive evidence could not be obtained in the 
remaining patients. Hence, it appears that bone scintigraphy 
is not a sensitive method for detecting uraemic pulmonary 
calcification, with the exception of severe calcification. This 
is probably due to the fact that uraemic pulmonary calcifica- 
tion is not crystalline apatite, but a more amorphous com- 
pound (Conger and Alfrey, 1976). 
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BONE DENSITOMETRY IN RENAL PATIENTS 
By E. G. A. Aird 


Department of Medical Physics 
Newcastle General Hospital 


T. G. Feest and D. N. S. Kerr 


Department of Medicine, Newcastle 


Renal osteodystrophy has many components, including 
osteitis fibrosa, osteomalacia, osteoporosis, and osteosclero- 
sis. The disease pattern changes during transition from 
chronic renal failure to dialysis to transplant, and at times is 
severe and incapacitating. Traditional assessment by clinical, 
biochemical and radiological techniques has failed to detect 
small changes in bone, and bone biopsy is too invasive for 
regular repeated use. In a search for an accurate non- 
invasive technique of assessing changes in bone, we have 
used serial photon absorptiometry (PA) to measure bone 
mineral content in 200 patients with renal failure. 
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Samarium, which is virtually monochromatic, quantum 
energy of 42 KeV, was used as an X-ray source. Bone 
mineral content (BMC) in g/cm was computed from the 
differential absorption of the X rays by bone and surround- 
ing tissues, using the results of two parallel scans 1 cm apart 
over the lower femur. The reproducibility of this technique 
gave a standard deviation of 4.5%. Patients were studied at 
one to two monthly intervals and the significance of changes 
was tested using either the method of least squares, or by 
taking the means of two separate periods of six months in an 
individual patient, and comparing them using student’s 
“t? test. We performed studies on 17 male and 14 female 
normal controls, 80 patients on haemodialysis for periods 
varying from one to four years, 36 patients from the time of 
renal transplant, and 40 late post-transplant patients. 

In all groups the BMC of women was significantly less 
than in men and absolute values of BMC were reduced 
compared with controls in both dialysis and transplant 
patients. Serial observations showed that at least 50°, of 
patients significantly lose bone mineral during the first year 
of dialysis and no patients gain. This loss appears to dimin- 
ish in subsequent years. Of 21 dialysis patients treated with 
1x vitamin Ds, only one lost bone mineral and nine showed 
significant gains during the first year of treatment: these 
gains were more marked in females, and diminished during 
the second year of treatment, although BMC was still below 
the normal range. Following renal transplant, men and 
young women showed a tendency to lose a small amount of 
BMC during the first year after transplantation but post- 
menopausal women showed marked losses of BMC during 
this period. Studies on patients who had had transplants for 
more than three years showed 15% had an overall gain of 
bone mineral each year, 8% a loss and 77% were static. 
This suggests that the loss of mineral following transplant 
ceases within two to three years, and may be related to the 
high dose of steroids given during the first year following 
operation. 

Interpretation of these results is difficult, as measurement 
of BMC gives no indication of underlying histological 
changes in the bones, and as yet photon absorptiometry is 
not of use in making routine clinical decisions. As more 
information accumulates it may be possible to correlate 
changes in BMC with histological changes in dialysis 
patients. At present PA is most likely to be of use in follow- 
ing transplant patients, in whom osteomalacia and osteitis 
fibrosa are known to heal: osteoporosis is known to occur, 
but is extremely difficult to measure radiologically or histo- 
logically, and serial measurement of BMC may therefore be 
a very useful way of studying this, and of identifying groups 
of patients at greatest risk of developing osteoporosis. Serial 
measurement of BMC also appears to be a useful research 
tool for measuring changes in bone during therapeutic trials. 


AN INTRAVENOUS RADIOISOTOPE TECHNIQUE FOR 
THE DIAGNOSIS OF SYNOVIAL RUPTURE 
OF THE KNEE 


By D. Ottewell, Anne Woodford 


Department of Medical Physics 
Royal Infirmary, Doncaster, South Yorkshire 


and R. W. Porter 


Department of Orthopaedics 
Royal Infirmary, Doncaster, South Yorkshire 


Rupture of the synovium of the knee may result in synovial 


fluid entering the deep tissues of the calf, and as the associ- «s 


ated symptoms are also characteristic of a deep venous 
thrombosis, it is important to distinguish between the two. 
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Techniques involving intra-articular injections of radio- 
ppague or radioactive material into the knee-joint have been 
used in the diagnosis of synovial rupture, but neither is 
without pain or complications. The use of a radioactive 
tracer, injected intravenously, is presented as a simple, safe 
and reliable method of diagnostic confirmation. 

The radioactive tracer media were selected from a group 
established in the field of skeletal imaging, as it has been 
determined that these long-chained molecules become 

rapped in synovial fluid before being absorbed by bone. 
One hour after injection, the radiation levels along lateral, 
posterior and medial surfaces of the lower limbs were deter- 
mined, using a Pitman isotope localization monitor, in con- 
junction with a 2.5 cm sodium iodide (thallium-activated) 
scintillation crystal. 

A positive plot was indicated by the distribution along the 
symptomatic limb being markedly different from that along 
the asymptomatic limb. Of a total of 53 patients (with 
swollen calf and knee effusion), 36 gave positive, and 17 
negative results. We were not aware of any false positives, 
but of the negatives, some patients probably had not sus- 
tained a synovial rupture, whilst undoubtedly some had a 
previous rupture which had subsequently become sealed off. 
Some patients showed an unusual distribution of isotope and 
this was thought to be due to the history of rheumatoid- 
arthritis, the bone and musele structures accumulating the 
tracer medium to such an extent that localization of synovial 
fluid was not possible, 


QUANTITATION OF 99T'c™-pHOSPHATE UPTAKE 
BY EMISSION TOMOGRAPHY 


By P. H. Jarritt and P. J. Ell 
The Middlesex Hospital Medical School, London W1 


Emission tomography has the ability to provide accurate 
quantitation of radiopharmaceutical distribution within an 
image. The installation of the Cleon-710 transverse section 
imager at The Middlesex. Hospital Medical School has 
allowed the assessment of its usefulness in quantitating 
99'Tc™-phosphate uptake within the skull. 

Forty patients undergoing routine bone scanning using 
15 mCi of 9°Tc®™-methyldiphosphonate (MDP) or °?Tc™- 
imidodiphosphonate (IDP) were subsequently imaged 
tomographically. One or two slices were obtained 4.5~ 
6.0 cm above and parallel to the EAM with a scanning time 
of four or five minutes. The peak count rate obtained for 
each patient was corrected for scan time and radioactive 
decay and converted to values of pCi cm” using previously 
determined conversion factors. Normal ranges obtained for 
MDP and IDP were 0.16 +0.03 pCi cm? and 0.27 -+ 
0.09 pCi cm~? respectively. From 20 abnormal patients with 
diffuse and focal disease, values were found from 2-10 x 
above the normal range. 

Data was presented showing the resolution of structures 
at the skull base; original images of the spinal canal and 
thoracic vertebrae indicate the scope of tomographic imaging 
in the future diagnosis of bone disease. 





Book review 


Atlas of Endoscopic Retrograde Cholangiopancreatography, 
Edited by E. T. Stewart, J. A. Vennes and J. E. Geenen, 
pp. xvi + 366 illus, 1977 (C. V. Mosby, St. Louis). £35-45. 


Dr. Margulis in his Foreword states that the atlas is 
valuable because “it is the result of a true partnership 
between gastro-enterologist and radiologist. . .”’, No-one 
would question this. In fact there are 17 contributors of 
whom nine are physicians and eight are radiologists, and in 
essence the bulk of the book is a synthesis of the clinical 
experiences of these authors. There are over 200 case 
illustrations of normal and abnormal findings and they are 
presented with some brief clinical information, X-rays 
(often of mediocre reproduction but meticulously labelled), 
a thoreugh description of the X-ray and rounded off with 
seme useful comments where appropriate. The first four 
chapters deal with technical aspects, including radiology, 
which although helpful are clearly no substitute for appren- 
ticeship, Chapter 5 is a reminder of the embryological 
development of the pancreatic and biliary systems which is 
essential for understanding the developmental anomalies of 
adult life, The final chapter is a very brief account of 
endoscopic papillotomy for removal of common duct stones, 
which is adequate for most endoscopists in this country as 
they will not be attempting this procedure. 


ERCP has undoubtedly been a major advance in the 
investigation of jaundiced patients and those with pancreatic 
disease. The investigation of first choice, however, is now 
abdominal ultrasound which is entirely non-invasive, and 
when dilated bile ducts are found Chiba needle cholangi- 
ography should be the next step. This is safe, cheap and 
requires minimal expertise. Not so with ERCP as the 
duodenoscope may cost in excess of £5000, considerable 
experience is required and as stated in chapter 4 has the 
highest complication rate of all current diagnostic gastro- 
enterological techniques (2.3%). Notwithstanding this, no 
technique reveals the pancreatic ducts with such clarity and 
the atlas illustrates many fine examples of the duct changes 
in, for instance carcinoma of the pancreas and chronic 
pancreatitis. There are also examples of sclerosing chol- 
angitis and high biliary strictures which often may only be 
adequately evaluated with retrograde cannulation. Thus, in 
spite of the contracting indications for ERCP and the rather 
lower position it now occupies in the diagnostic flow-chart, 
this comprehensive volume is a worthwhile and welcome 
addition. The atlas is rather expensive, but it is hoped that it 
will find its way into the reference libraries available to all 
those who practise and study gastro-intestinal endoscopy 
and radiology. 

R. ZEEGEN, 
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Forthcoming events and other notices 


The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and its associated bodies on the basis of charging at £1-00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(i.e. April 20, for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 32 Welbeck 


Street, London W1M 7PG. 


RADIOBIOLOGY MEETING 
“Preview of papers for the International Congress, 
Japan”. April 20, 1979. This will be a general meeting, and 
proffered papers are invited. Titles and brief preliminary 
abstracts should reach Dr. J. H. Hendry, Paterson Lab- 
oratories, Christie Hospital and Holt Radium Institute, 

Manchester M20 9BX by March 15, 1979. 
Further information can be obtained from the General 
Secretary, The British Institute of Radiology, 32 Welbeck 

Street, London WIM 7PG (01-935 6237). 


SPRING MEETING IN NEWCASTLE 
A joint meeting organized by the Royal College of 
Radiologists and The British Institute of Radiology to be 
held March 30-31, 1979, 
All enquiries, including requests for programme and 
registration forms should be made to the Royal College of 
Radiologists, 38 Portland Place, London W1. 


AN ADVANCED COURSE IN CARDIAC ULTRASOUND 

This course, to be held at Harefield Hospital, April 23-27, 
1979, is intended for doctors and technicians already working 
in the field or with some knowledge of the subject. It will be 
under the direction of Ronald Pridie and Stuart Hunter. 
Other speakers will include Derek Gibson, Grahame Leach, 
Robert Anderson, John Gore and Dan Thunstall-Pedoe. 

Residential accommodation is available. Applications to: 
Mrs, L. Grieve, Ultrasound Department, Harefield Hospital, 
Harefield, Middlesex. 


1979 Tre BRITISH INSTITUTE OF RADIOLOGY ANNUAL 
CONGRESS 

The 37th British Institute of Radiology Annual Congress 
and Scientific Exhibition will be held at the Middlesex 
Hospital Medical School on April 26-27, 1979. Included in 
a prograrnme of invited papers on diagnosis, therapy, 
radiological physics and nuclear medicine topics will be the 
Presidential Address by Mr. W. M. Ross entitled The 
Institute, vesterday and tomorrow, and the Silvanus Thomp- 
son Memorial Lecture by Professor G. E. Adams on Past, 
present and future of hypoxic cell sensitizers, 

Details and registration from The British Institute of 
Radiology, 32 Welbeck Street, London W1M 7PG. 


FUNDAMENTALS IN TECHNICAL PROGRESS IN 
ULTRASOUND, Dose PLANNING AND Data PROCESSING 
IN NUCLEAR MEDICINE 

An International Symposium to be held at the University 
of Liège (Sart-Tilman) on May 11-12, 1979. It will include 
invited papers by universities specialists and manufacture 
engineers, tending to present an approach of a concerted 
plan for developments in the near future. 

Further information from Dr. J. Garsou, Agrégé, 
Contréle Physique Radiations, Radiothérapie, 59 Boulevard 
de la Constitution, B-4020 Liège. 


EUROPEAN CONGRESS OF XERORADIOLOGY 
A congress of xeroradiology organized by the Fondazione 
Internazionale Menarini will be held in Venice, Italy from 
May 11-13, 1979 inclusive. 
The three day programme will include invited and 
proffered papers and teaching seminars on all aspects of 


xeroradiographic techniques, imaging and directions of 
future development. 

Further information may be obtained from the Organ- 
izing Committee, European Congress of Xeroradiology, 
Dott. ssa Angela Peroni, Fondazione Menarini Inter- 
nazionale, Piazza Del Carmine 4, 20100 Milan, Italy. 


THIRD European NUCLEAR MEDICINE SOCIETY MEETING 

This meeting will be held in Karlovy Vary, Czechoslovakia, 
May 15-18, 1979 and is organized by the Czechoslovak 
Society of Nuclear Medicine and Radiation Hygiene. 

The official languages will be English, French, German 
and Russian and simultaneous interpretation will be 
provided. 

Registration: Czechoslovak Medical Society, J. E. 
Purkyne, 3rd European Congress of Nuclear Medicine, 
Sokolska 21, 120 26 Praha 2, Czechoslovakia. 


CONVERSAZIONE 
The British Institute of Radiology Conversazione will be 
held at the new Royal College of Radiologists house at 
38 Portland Place, London on May 16, 1979. 
Further information from the General Secretary, The 
British Institute of Radiology, 32 Welbeck Street, London 
W1M 7PG (01-935 6237). 


MACKENZIE DAVIDSON MEMORIAL LECTURE 
To be given by Dr. G. B. Schofield, Medical Officer, 
British Nuclear Fuels Ltd., on Biological control in a 
plutonium production facility at The British Institute of 
Radiology, 32 Welbeck Street, London, W1 on Thursday, 
May 17, 1979. 


PAEDIATRIC RADIOLOGY 

A two-day course in diagnostic paediatric imaging will be 
held at the Institute of Child Health, Hospital for Sick 
Children, Great Ormond Street, London, WC1 on May 
17-18, 1979. The main theme of this course will be the 
thorax. Further details and application forms are available 
from The Secretary, Department of Paediatric Radiology, 
The Hospital for Sick Children, Great Ormond Street, 
London WCIN 3JN. 


INTERNATIONAL SYMPOSIUM ON INTERVENTIONAL 
RapIoLoGy 

An E.A.R. Symposium, organized by the Portuguese 
Society of Radiology and Nuclear Medicine, will be held 
May 30—June 2, 1979 in the Algarve, Portugal. 

Proposed sessions include vascular therapy; selective em- 
bolization and management; catheter implantation in 
chemotherapy and percutaneous treatments; ultrasonic 
guiding techniques and nuclear imaging as a guiding tech- 
nique for biopsy and fluid aspiration. 

For further information contact the Portuguese Society of 
Radiology and Nuclear Medicine, 123, 1.° Esq., Avenida 
Elias Garcia, Lisbon 1, Portugal. 


AN INTENSIVE COURSE IN CHEST AND RENAL 
RADIOLOGICAL DISEASES 
The course, to be conducted in Johannesburg from May 
31-June 3, 1979, will cover all general principles as well av 
the most modern techniques and recent advances such as 
ultrasonography, CT scans etc. 
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The renal section will be conducted by Prof. Harry 
Mellins of the Peter Bent Brigham Hospital, Boston, USA. 
‘The chest section will be covered by Prof. Manuel Viamonte 
of the Mount Sinai Hospital, Miami, Florida, USA. Regis- 
tration fee will be R80.00. 

it may be possible to arrange special reduced group air 
fares from the USA, UK and Europe depending on the 
nurnber of delegates attending from the respective countries. 
Further enquiries can be made to the Director and Organ- 
izer; Dr, Pete Reichman, PO Box 2251, Johannesburg 2000, 
South Africa, tel. (110) 37-6060. 


NON-INVASIVE ĪMAGING IN MEDICINE: 
HEART, Liver, PANCREAS 
A Symposium arranged by the medical faculty of the 
University of Lund, Sweden, on June 6-9, 1979, with 
participation of prominent speakers in the field of CT- 
searing, ultrasonography, and nuclear scanning. 
Fer farther details and registration, contact Miss Karin 
Jönsson (secr.), Department of Diagnostic Radiology, 
University Hospital, 5-221 85 Lund, Sweden. 


InrernationaL Course IN Cuesr RADIOLOGY 

International Course in Chest Radiology and other 
os of chest disease, Stockholm, Sweden, June 11-13, 
1979, 

Organized by the Fleischner Society, a non-profit organ- 
ization in memory of Felix Fleischner, Harvard University, 
Boston, 

Information and application forms from: Björn 
Nordenstrém, M.D., Professor of Radiology, c/o Reso 
Congress Service, S-105 24 Stockholm, Sweden. 


NUCLEAR CARDIOLOGY 

A workshop organized by the Nuclear Medicine Com- 
mittee of The British Institute of Radiology, to be held on 
June 20, 1979 at St. Bartholomew's Hospital, Gloucester 
House, Little Britain, London, EC1. Anyone wishing to 
make a presentation should contact Dr. K, E. Britton, St. 
Bartholomew’s Hospital. 

Farther information regarding this meeting can be ob- 
tained from the General Secretary, The British Institute of 
Radiology, 32 Welbeck Street, London WIM 7PG (01- 
935 6237), 


TV EUROPEAN CONGRESS or RADIOLOGY 

The IV European Congress of Radiology will take place 
n Hamburg {German Federal Republic), September 4-8, 

Scientific programme: 
diagnostic research of organs of the upper abdomen; 
diagnostic research in nuclear medicine: organs of the upper 
abdomen: 
radiotherapy in tumours of the genital system of males and 
females; 
radiobiology and X-ray protection (combined therapies and 
tisks of ray exposure); 
radiaphysics and techniques (methodical problems in diag- 
nestics and in planning of radiotherapy). 

Enquiries: Secretary of the IV European Congress of 
Radiology, Postfach 10 64 07, D-2000 Hamburg 1, 
Federal German Republic. 


QUANTITATION OF ‘TUMOUR RESPONSE: A CRITICAL 
APPRAISAL 

The L.H. Gray Conference will be held in Cambridge, 
England, during the week of September 10-14, 1979, The 
topics of the meeting are intended to simulate a critical 
appraisal of the techniques that are currently in use both 
experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
In situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies. 
Factors of prognostic significance. 
In vitro assays of tumours excised after treatment in vivo, 
The choice of suitable experimental models in rodents. 
The role of human tumour xenografts, 
Statistical evaluation of tumour response data. 
The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in situ 
response, 

Further information from Dr. J. Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


BRITISH ASSOCIATION OF CLINICAL ANATOMISTS 

Owing to unforeseen circumstances it has been necessary 
to change the date of the Summer Meeting at the University 
of Manchester; it will now be held on Wednesday Sep- 
tember 26, 1979 (not May 11 as previously announced), 

Further details about the Associates may be obtained 
from the Secretary, Professor R. K. H. McMinn, Royal 
College of Surgeons, 35-43 Lincoln’s Inn Fields, London 
WC2A 3PN. 


VII INTERNATIONAL CONGRESS OF LyMPHOLOGY 

Professors E. Tosatti and E. Cariati are respectively 
honorary president and president of the above meeting to be 
held in Florence October 28-November 2, 1979. The official 
language will be English with simultaneous translation in 
French, German and Italian. There will be sessions dedi- 
cated to methodology, physiology, pathology, drug inter- 
action, treatment of tumours, classification of non-Hodgkin’s 
lymphomas, pulmonary hypertension etc. Two post- 
graduate courses on lymphodemas and Hodgkin’s disease 
are also planned. 

Scientific information: Professor E. Cariati, 
Chirurgica “R”, V. le Benedetto XV, Genoa, Italy. 
Organizing secretariat: O.1.C. Via Dei Bardi 52, 50125 
Florence, Italy. 


Clinica 


SYMPOSIUM ON SPINE AND ITS CONTENTS 

E.A.R. “Symposium Vertebrologicum” (Spine and its 
Contents) will be held from April 23-25, 1980 in Prague, 
Czechoslovakia. 

The subjects of this symposium will be recent advances 
and experiences in the: 
(a) Equipments and investigative methods of spine and 

spinal cord. 

(b) Radioanatomy and physiology of spine and spinal cord. 
(c) Radiodiagnosis of pathological conditions. 
{d} Interventive (diapeutic) radiodiagnostic methods. 

For further information contact (not later than June 
1979): The secretariate of “Vertebro 1980”, P.O.B. 88, 
Sokolská 31, 120 26 Praha 2, Czechoslovakia. 
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Book received 


Receipt of the following book is acknowledged as a courtesy to the sender. This will not be reviewed in 
detail in Tue BRITISH JOURNAL oF RADIOLOGY. 

International Directory of specialized cancer research and treatment establishments. 2nd Edition. Published 
under the auspices of the Committee on International Collaborative activities (CICA), 1978, pp. xviii-}- 724 
UICC Technical Report Series vol. 33 (International Union Against Cancer, Switzerland) Sw.fr. 100. 


Export Sales 


ADVANCED MEDICAL EQUIPMENT 


Our Client, M.E.L. a division of Philips Electronic and Associated Industries Limited, 
is concerned with the continued development, marketing and sale of a range of advanced 
medical treatment equipment with sophisticated control and monitoring systems. 

The Export Sales Executive is required:— 

x to develop sales 

%* to act as an advisory consultant in support of overseas sales organisations 

* to liaise closely with design engineering and manufacture to ensure satisfactory and 
timely completion of contracts 

Applicants should hold an electronic engineering or physics degree and be able to 
demonstrate a successful record in the sale of advanced electronic systems. Ideally this 
experience would have been gained within the medical equipment field but in depth product 
training will be given. The essential is to be successful in the sale of highly technical 
products, preferably in export markets. 

Conditions of employment are excellent including realistic assistance in relocation and 
housing to a semi-rural area South of London. 

Applicants of either sex apply in confidence. Ref|708 


Hales & Hindmarsh Associates Ltd, 
Century House, Jewry Street, 
Winchester, Hampshire 
T (0962) 62253 
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SIEMENS 


Versatility and 


cost effectiveness- 


the basis of the 
Siemens x-ray 
table. 








The multi-purpose Siregraph B x-ray table 
combines the latest Siemens cost effective practice 
with the most up-to-date and versatile developments in 
x-ray technology. 

The Siregraph B is a fully automatic table of 
compact dimensions designed to facilitate easy 
patient access and with the following principal 
features: 

@ Explorator—with exceptionally large cassette 
program. 

@ 90°-0°-20° indexing positions plus a full range of 
table-top movements in the longitudinal and lateral 
planes. 


@ Extensive tube/explorator excursion with parallax 
compensation for oblique angulations. 

@ Tomography facility in all angulations. 

@ Accepts up to Sirecon 2 30H triplex image intensifier 
and 70/100mm cameras. 

The Siregraph B accommodates a swivelling x-ray 
tube, ideal for recumbent emergency radiography 
while allowing free access to the patient from all sides. 
Indexing positions at 0°, 90° and 180° ensure 
reproducible radiographic settings. 

Siemens Ltd, Medical Group, Siemens House, 
Windmill Road, Sunbury-on-Thames, Middlesex, 

TW16 7HS. Tel: Sunbury (09327) 85691. 


In the world of remote control 
Siemens has the answer. 





PHILIPS Medical 


S Systems 


The Philips Large Field Gamma Camera, 
with its full 38 cm field of view, provides high- 
resolution images with excellent homogeneity. 
The dorsal view of two lungs on a single image, 
shown in black and white on the left, is a typical 
example. 

The colour image and curves, forming part 
of alung ventilation study, have been obtained 


ill 


System. This system offers a full range of 
programs for functional dynamic studies such 
as those of the heart, kidneys, lungs and brain. 
The programs, proved in clinical practice, are 
fast and easy to use, offering a wealth of 
diagnostic information. 

Together, the Large Field Gamma Camera 
and the Processing and Display System provide 


using the Philips Processing and Display 





The Large Field Gamma Camera, 
with its full 38 cm field of view, offers 
superb imaging facilities. 

The imaging system, based on the 

Anger principle, consists of 37 bialkali 

detectors arranged on a single 48 cm 

diameter crystal. Resolution and 

homogeneity are excellent, and high 

count rates can be accepted without 

significant distortion. Features of the 

Large Field Gamma Camera include 

è high resolution with excellent 
homogeneity 

è high count rate 

è fast, easy operation 

è extremely stable electronics 

è swivel mount scope for positioning, 
anatomical marking and quality 
presetting 

è full range of ancillary equipment 

The Processing and Display 
System provides a wide choice of 
data acquisition and processing 
programs for static and dynamic 
studies. Its functions include quantita- 
tive and qualitative analysis, correction 


PHILIPS 


of image information, enhancement of 
selected spatial frequencies, and 
functional scanning. The results are 
displayed as enhanced images, time/ 
count histograms, and alphanumerical 
information including analysis 
functions and lists of patients 

Data processing and data acquisition, 
even from several cameras, can take 
place simultaneously, allowing a large 
work load to be handled. 

In addition to the Large Field 
Gamma Camera and the Processing 
and Display System, Philips offer a 
Normal Field Gamma Camera with a 
26 cm field of view, as well asa 
complete range of peripherals. 

Multi Formatter. For direct recording 
of static, dynamic, whole body and 
gated studies on standard X-ray film. 
Total Body Scan Unit. For large- area 
scanning in combination with the 
Multi Formatter. Spectrum Analyser. 
For display of the radio-isotope 
spectrum, and window settings. 


conclusive evidence in doubtful cases. 


Part of acomplete program of 
nuclear medicine equipment and 
systems, and fully supported by an 
international service organization, the 
Philips Large Field Gamma Camera 
and Processing and Display System 
combine operational simplicity and 
efficiency with applicational flexibility 
and reliability 


| 

| If you would like further 
evidence on our nuclear medicine 

| program, complete this coupon 

| and send it to: Philips Industries, 
Medical Systems Division, 

| Building QM, Room 347, 

| Eindhoven, the Netherlands 


Institution: 
Name/Position: 
City/Country: 


Philips Medical Systems 

A Division of Philips Electronic and 
Associated Industries Ltd. 

45 Nightingale Lane London SW128SX 


Common Bile Di 


Ultrasound Scan. 


t and Hepatic Ducts. Patient has cancer of the Pancreas Polaroid Type ^ 


itudinal Examinatic 
film. Print size 34" x4 











diagnostic details. 
Instantly. 


Nothing saves time like Polaroid can retake it on-the-spot while the 








instant photography. patient is still in place. 

You can have a fully developed Polaroid self-developing films 
picture for diagnosis from your CRT have the sensitivity, resolution, 
monitor in seconds. exposure latitude and grey scale 

For sheer convenience, too, capability to deliver excellent 
there's no better way. You don’t need diagnostic photographs. 
developing and printing equipment. And one more thing —we offer 
You don’t need a darkroom or you more than the speed, con- 
chemicals. You don’t even have to venience and quality of our films. 
leave the patient. Everything istaken Our Technical Assistance is as close 
care of by the self-processing film. as your telephone. 

Part of our film’s convenience is For more information fill in the 


that you know instantly whether the coupon below or dial 100, ask for 
picture you've taken is exactly right Freefone 2143 and speak to 
for your diagnostic needs. If not,you Ray Taylor. 
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To: Polaroid (UK) Limited, Medical Products Sales, Ashley Road, St. Albans, Herts. ALI SPR. BJR2 

l Telephone: St. Albans 59191, C] Please send me more information on Polaroid Instant Medical Films. I 
| L Please arrange for a Tee fie al Specialist to call. | 
Nami Set et Address ee Oe a oo 
POSTION = od ee saiu Sor een a a at = 
| E een Tel: No. eee cere PATEE TO haan | 
| Discipline for which you would like | 
| specific recording information. O aroid SS | 
l e ee eee ‘Polaroid’is a registered trademark of Polaroid Cor poration, | 


pasa tf ac sat Pe ES na aes sinh nee Cambridge, Mass. USA. Copyright Polaroid Corporation 1979. 





M.Sc. in Medical Imaging 


Royal Free Hospital School of Medicine 
and institute of Cancer Research, 
(University of London). 


i 

| 

| This is a new part-time course, lasting two 
| calendar years, commencing in October 1979, in 
| which the formation, perception and analysis of 
| images of biological structures will be considered 
| with particular reference to in vivo studies in 
| medicine. The course will be of particular value 
| to persons working in hospitals or in employment 
i 

| 

| 


with medical interests, 


Applicants should nermally have a First or Second 
Class Honours degree in physics, mathematics or 


a physical science. 


Details of fees and application forms from: 
Professor H. A. B. Simons, Academic Department 
of Medical Physics, Royal Free Hospital, Pond 


Street, London NW3 20G. 














Cancer Clinic Director 


The Ontario cancer treatment and research 


foundation invites applications for the position of 


l 

| Director of The North Toronto Cancer Clinic at 
The Sunnybrook Medical Centre, Toronto, 
Canada. The position is new, and the clinic is 
being designed for an expected maximum of 

| 2,500 new adult patients per year. The clinical 
program will provide consultation with all 

| oncologic sub-specialties with facilities for the 

| Administration of Radiotherapy and 

| Chemotherapy, and opportunity for research. 

Salary is open to negotiation. 

| 

i 

j 

| 

| 

| 

$ 


Applications, with curriculum vitae and a 
list of 3 referees, should be forwarded to 
Dr. J. W. Meakin, Executive Director, The 
Ontario Cancer Treatment and Research 
Foundation, 7 Overlea Blvd, Toronto, 
Ontario, Canada MAH 1A8, tel. (416) 
4234240. 


Applications will be accepted for 4 weeks after 
the date of this advertisement. 











ACTON TECHNICAL COLLEGE 
RADIOGRAPHY EDUCATION COMMITTEE 


Present a Symposium 


CONTEMPORARY THINKING ON 
MEDICAL IMAGING TECHNIQUES 


On July 4, 1979 at Edward Lewis Lecture Theatre, 
The Middlesex Hospital Medical School 


Topics to include: 


A REVIEW OF 
CURRENT MEDICAL IMAGING TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE IMAGING 
EVALUATION OF OBSERVER PERFORMANCE 
IMAGING FOR ONCOLOGY and RADIOLOGY 
LASERS and HOLOGRAPHY 


The symposium commences at 9.00 a.m., closes at 
4.30 p.m. The fee, inclusive of lunch etc., is 
£12.00 (not refundable) and cheques should be 
made payable to London Borough of Ealing. 
Fees to be sent by June 18th, 1979, to Accounts 
Office for attention of M. Grimshaw, MinstP., 
Symposium Organizer, Acton Technical 
College, High Street, London W3 6RD. Tel. 
01-993 2344, ext. 2129/2373. 





RADIOLOGIST 


Large group diagnostic radiological 
practice with private nursing homes 
and hospital appointments requires 
assistants and or assistants with view to 
partnership. 


Facilities for specialised diagnostic 
disciplines. 


Group based in Johannesburg, South 
Africa. 


Please write to: 
Advertiser, 

P.O. Box 4878, 
Johannesburg 2000, 
South Africa. 

















Vii 





There’s far more 
to ILFORD... 






You'll know them for their X-ray products. 


Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry—even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs—all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 















That's why we say there's more to ILFORD than meets 
the eye. 


ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 





vill 


our Kodak 








rep wants to 


eet something 


off his ches 


l Neve been bringing him up to date on the latest develop- 
` ments, and he’s got plenty to tell you. 

He wants to show you the dramatic exposure reduction and 
radiographic flexibility that can be achieved with KODAK ‘Lanex 
screen film combinations. He’ll do the demonstration in your 
department. 

He’s also got plenty to say about departmental design, ultra- 
sonics, nuclear medicine, instrumentation recording, photography 
and dental radiography. 

He’s also prepared to loan you a range of KODAK ‘X-Omatic’ 

« Cassettes fitted with KODAK ‘Lanex Regular Screens, enabling 
you to conduct practical tests in your own department. 

Ask him about products for mammography-he’ll introduce 
you to the new KODAK ‘Min-R’ Cassette, designed for use with the 
KODAK ‘Min-R’ Screen and KODAK ‘Min-R’ Film. 

When ever you need information, talk to your Kodak 
Technical Sales Representative. You'll find him professional through 
and through. 


m Kodak We care about your image KS 


Kodak, Lanex, X-Omatic and Min-R are trade marks. 






CONRAY 
| Let us put you fully in the picture 
about the Conray'range of contrast media 


| Anglo-cardiography: 
Cardio ~ 'Conray': 
‘Tonay 420°: 
| Conray 280° 






\ Cerebral angiography: 
i ‘Conray 280’ 























Abdominal-aortography: Splenography and 













| ‘Conray 280": portal venography: 
Tonay 420° ‘Conray 280": 
| ‘Conray 325°: ‘Conray 420°: 







Cardio ~ ‘Conray’ ‘Conray 325° 










Gastroenterography: 


Retrograde pyelography: 
| Gastro ~ ‘Conray’ 


Retro — ‘Conray’ 
























Retrograde cystography: 
‘Conray 280": 
‘Conray 420° 
(suitably diluted) 


Intravenous urography: 
‘Conray 325': 
‘Conray 420’: 
‘Conray 280° 














Peripheral arteriography: 


i Venography: 
E Conay 280° 


‘Conray 280: 
‘Conray 420°: 
‘Conray 325° 







Conray Contrast Media 


(Meglumine and sodium iothalamate) 





No matter what your particular our Medical information Department 
requirements may be, there is almost (01-592 3060) 

certainly a presentation suitable. If you Full information supplied on request 

are in any doubt whatever, contact your ‘Conray’ is a trade mark of Mallinckrodt Inc. 
May & Baker representative or telephone May & Baker Lid Dagenham Essex RM10 7XS 


A member of the Rndine-Poglenr 
Group of Companies MA 7174 
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Faster treatment planning- 
a computer 


with time to spare. 


Interactive treatment planning - in effect a dialogue between thera- 
pist and a processor that calculates and displays the effect of each of 
his proposals—is not practicable using a hospital's main computer (on 
line as well as off line time would cost the Department too much). 

The Philips Treatment Planning System (TPS) therefore has its own 
computer. Experience in many hospitals has been that treatment 
planning is so much faster (taking minutes instead of hours) that, even 
in the busiest of units, the computer has plenty of free time. 

It has therefore been given a Fortran extension enabling it to be used 
for almost any other duty, from filing and accounting to the analysis 
of research data. When not in use for planning it becomes a powerful, 
though small, general-purpose computer with alphanumeric and 
graphic data inputs, video display and hard-copy 

graphics as ‘outputs. 








N.V. Philips’ Gloeilampenfabrieken Medi 
PCP/Medical Systems Division Res ical 
Building QM, Eindhoven, The Netherlands S Systems 


Philips Medical Systems Ltd. 
45, Nightingale, Balham, 
London SW12 8SX 
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Australian Department of Veterans’ Affairs 


N 


Queensland 


Specialist (Radiology) 


Repatriation General Hospital 
Greenslopes 


Applications are invited from 
Medical Practitioners who 
possess relevant postgraduate 
qualifications and are eligible 
for registration as a Specialist in 
Queensland. 


The successful applicant will be 
employed in the Department of 
Radiology at the Repatriation 
General Hospital, Greenslopes. 
Greenslopes is a 460 bed 
teaching hospital within the 
University of Queensland with 
full-time Readers and Senior 
Lecturers in Medicine and 
Surgery, 


Participation in undergraduate 
and postgraduate training 
programmes is expected and 
opportunity will be provided for 
the occupant of the position to 
undertake medical research 
projects. Training in ultrasound 
diagnosis will be provided and 
active participation in this work 
will be expected. 


The hospital is accredited for 
two out of the three years of 
training. 


| “wis 
SSS 


Salary : $A24762—33698 per 
annum (present exchange rate 
£1=$A1.69). 


The right of limited private 
practice is presently under 
negotiation. 


Initially, employment will be for 
a period of up to three years 
although an extension may be 
negotiated. Four weeks’ annual 
leave and generous sick leave 
are provided. Fares to Brisbane 
for the appointee and family 
may be paid and assistance 
may be provided for the 
removal of furniture and effects. 


Enquiries should be directed to 
the Director (Medical 
Services), Brisbane, telephone 
225 2203. 


Applications including details 
of qualifications and experience 
should be forwarded to the 
Deputy Commissioner, 
Department of Veterans’ 
Affairs, Box 651 G.P.O. 
Brisbane, Queensland 4001. 
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AGFA-GEVAERT 





Forcontrast, 
definition, 
brilliance: 
CURIX RPI 


Further information from: 
Agfa-Gevaert Ltd., 

Medical X-Ray Sales Dept., 

27 Great West Road, Brentford, 
Middlesex TW8 9AX. 

Tel: 01-560 2131 


Simple to operate in cramped working environments. 


Especially designed for orthopaedics, traumatology and ward use, 
Facility for TV fluoroscopy. 


Small, compact construction. 
Mobile. 


Fibre optic image intensifier. 





The only European manufactured condensor discharge 
tubehead. 

Condensor storage system recharges in a few seconds whilst 
unit is operating. 


Low current requirement š 


Performance comparable with large diagnostic units. 
Portable. 
Output 125kV-500mA. 





SONARSTAT 
| U LTRASONIC CO UPLANT 


SONARSTAT is a new Medical Ultrasonic Couplant featuring a unique 
glycerol/glycol base designed to optimize both ultrasonic energy 
transfer and acoustic impedance. 


SONARSTAT will improve the quality of your medical ultrasonics 
while providing patient protection. 


Available in 12 oz. dispensers and gallons, SONARSTAT is less 
expensive than the thickened water gels offered by competitors. 


Request our FREE SAMPLE 12 OZ. DISPENSER along with complete 
technical data and pricing. 
D IAG N OSTI $ 309 NAR LTD ied ge le A Estate, 


+a z rr Livingston EH54 5DE, 
The Couplant People al: bao a 


Made under licence from Echo Laboritories, Pennsyivania, USA 


eee 
~ Special offer 








Any edition of the B.J.R. up to and including December 1974 which is still 
available. 


| 
Back issues of The British Journal of Radiology 
| 
| 
| 


50p per copy 


Available etock dates back to 1931 (not all months) 
Complete years: 1936, 1949, 1955, 1958, 1965, 1966, 1967, 1969 and 1970. 
| 


Enquiries: | 
British Institute of Radiology, 

32 Welbeck Street, London W1M 7PG 

01-935 6237 and 6867 

All Journals subject to availability on receipt of order 

















HIMADZU 


_SEISAKUSHO LTD. KYOTO JAPAN 


SHIMADZU MID-EAST 
SCIENTIFIC OFFICE 


14-5, Uchikanda 1-chome Chiyoda-ku, Tokyo Japan Phone: Tokyo 03-296-2352 
Overseas Telex: No.0222-4275 SHMDT J Cable Address: SHIMADZU TOKYO 
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GET MOBILE IN ’79 


Our range is wide, prices are reasonable 
performance outstanding and delivery is good: 

















TR 100kV/70mA TR 100kV/30mA 





a faa tis 
TR 125kV/40mA (fully rectified) 






Condenser discharge units up to 6(00mAp 


. TODD RESEARCH LTD 
Whatever your mobile problem, | ROBJOHNS ROAD 
contact us today for the answer: J" CHELMSFORD CMI 3DP 


TEL. (0245) 62233/7 TELEX 99327 









Normacol X Sisua and 
ensures a clear picture and a comfortable patient 


Normacol, the most efficient bulk former available, softens impacted faeces, absorbs Z 


gas and induces natural peristalsis. J 
AA oF 
Z NN 
Danthron promotes vigorous and complete evacuation of the total bowel JE 
contents but, because of prior ingestion of Normacol, griping and pain JR 
seldom occur. f F 
pf 
Cy; 
i ; : : : Ye 
So you get a radiologically clean gut,a co-operative patient and film JAS i 
of high diagnostic value. ie O 
Jes S S 
Normacol X is supplied in convenient ready-to- SS S S 
post packs including patient instructions. Each pack contains JE Ro 3 
40g sterculia granules and 2 tablets of Danthron 200mg. JL R E 
J/ oD CÀ 
Gr E 
Normacol is a Registered Trade Mark. ff. cS ee ui Pa E 
Product Licence No 0322/0014. J Zs eC eg 2 
Full prescribing information is available on request. J% Kà g 


C 2 aA O E K 
Norgine Limited, We ee $ S R r E E 
59-62 High Holborn, London WC1V 6EB xO N > re 50 a Pa ® 
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polyfoam. 


unique padding permits passage of 
X-rays without showing on the plate 


RADIOLOGISTS 


helped to design this Polyfoam position block 
ADULT SIZE BLOCK 202, 10” x 8" x 3” 
CHILD’S SIZE BLOCK 303, 7” x 6" x2” 

These blocks as illustrated are cut from a single 
block of Polyfoam and provide a comfortable non-slip 
positioning block which lets the patient relax more 
easily. 

POLYFOAM BLOCKS 202 & 303 


For more information please write or telephone: 












ANSAFO, 
SER eE 


Operates 


and at 5pm-9am 


weeke, nds 














HINDERS-LESLIES LIMITED progress 
Higham Hill Road - London: E17 6EJ through 
Telephone: 01-531 7172 (10 lines) plus Ansafone research 


ee 
Sali Member of the SMITH & NEPHEW Group of Companies 





Saskatoon, Saskatchewan 


Wanted - Diagnostic Radiologist 
Position Available — Academic Position 
in Diagnostic Radiology 

The Department requires an additional No.1 
staff radiologist. The applicant should 


The University Hospital 
British Journal of Radiology 


TEACHING BOOKLETS 


preferably hold the Canadian Fellowship, pad i debi AAA ging. 
or be Fellowship eligible, and should have by K. G. Leach (1976) $ £150 
academic interests and be willing to teach. 

The University rank will be at least at No.2 


Assistant Professor level, witha 


competitive academic salary. The 
Department has just moved into a $40 
million hospital addition. Experience in 


scanning would be useful, as any 
candidate accepted will have an 


at least one of these fields, as well asin 
general radiology. 


to: 

Dr. H. P. Kent, Head, Department of 
Diagnostic Radiology, University 
Hospital, Saskatoon, Saskatchewan, 
S7N OWS 


omassaan aannaaien iiai iiaa iaia eaa 


special procedures, ultrasound and/or CT 
opportunity to pursue special interests in 


Enquiries and applications should be sent 





Introduction to the Principles of 
Diagnostic Ultrasound, by H. B. 
Meire and P. Armstrong (1976) £1-40 


No.3 


Fundamental Aspects of Medical 
Thermography, by W. M. Park and 
B. L. Reece (1976) £340 


Available from the Publications Office, 
British Institute of Radiology, 
32 Welbeck Street, London W1M 7PG 
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Radiodiagnosis 

Odelca x-ray cameras 

100mm System for spotfilm 
photography 

Deltorax chest film changer 
Odelscope image intensifier for 
fluoroscopy 


Ultrasound 

Real time linear phased array systems 
Cardiac phased array sector scanners 
General purpose gray-scale 
cdmpound scanners 


Head Office: Holland, Oideltt Deltronix bv, Den Haag 
Fruitweg 9, Tel. (070) 8 63 
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Nuclear medicine 

Gamma cameras with complete range 
of accessories (e.g. multi-imager, 
whole body scanning bed) 


Radiotherapy 
4 and 15 MeV linear accelerators 
Cobalt units 


Deutschland D 6300 Giessen Lahn. Postfach 5420 

Tel. (0641) 4 10 49 

España Madrid 16. Uruguay 13. Tel. (01) 259 1698 

France 91403 Orsay. B.P. 86, Tel. (01) 907 5900. 

talia 00146 Roma Via della Vasca Navale 84. Tel. (06) 55 84 311. 
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The completest range of ultrasound 
equipment: gray-scale scanners, 
motorized arc scanners, linear phased 
array real time scanners, sector phased 
array real time scanners, M-mode 
monitors and all accessories for 
recording data on line-scans or video 
systems. 

This Toshiba ultrasound equipment is 
characterized by unrivalled image 
definition, simplicity of operation and 
professional design. 

It is sold and serviced by Oldelft 
throughout Europe. 


Radiotherapy planning 
Simulix-Y simulator with Simtomix 
accessory for analog whole body 
tomography 


Pulmonary function testing 
Computerized equipment for the 
pulmonary lab 

Automated procedures in spirometry, 
flow/volume loop analysis and 
exercise testing 


Sverige 17206 Sundbyberg 6 Postbox 670. Tel. (08) 98 38 95 
Schweiz 8618 Oetwill am See Zelglistrasse 5. Tel. (01) 92 91 318 





xxiii 





At Exal we are proud of the reputation we have built up for 
good design and the high standard of engineering of our 
products. These qualities are reflected in our range of X-ray 
Illuminators which is now first choice in hundreds of 
hospitals throughout the country. 

Illustrated above and far left are the new Fullite 
Illuminators with edge-to-edge viewing providing greater 
flexibility for vertical and horizontal banking. Near left is 
the well established Exal unit — robust and attractively 
finished in grey hard stoved enamel. These units are 
available as 1, 2, 3 and 4-way models, the multiway units 
fitted with high-intensity spotlight. 

Write for illustrated specifications. 


EXAL X-RAY ACCESSORIES LTD 
MARK ROAD 

HEMEL HEMPSTEAD 
HERTFORDSHIRE 

Tel: Hemel Hempstead (0442) 64401 





















Most CT scanners 


have a past. 


Ours hasa futt 


With the advent of the CT scanner, 
a bewildering variety of systems were 
rushed onto the market- while the 
technique itself was still in a‘state 
of rapid development.As a consequence, 
some systems were outdated even 
before installation was completed. 


Now, after careful study of the 
clinical requirements, closeee@nsul- 
tation with the medical profession, 
and long and rigorous testing, Philips 
present the 70M AN 300: a state- 
of-the-art CT sqgmner designed first 
and forem@st as a medical instrument. 
Develaped and produced by a reliable 
manufacturer of medical equipment 
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with years of experience in X-ray 
diagnostics, the TOMOSCAN 300 is the 
medically-oriented system that meets 
all requirements for routine Clinical 
practice. It features scan times as short 
as two and a half 
seconds, and offers 
geometrical enlar- 
gement for out- 
standing image 
quality in a variety 
of applications - 
whole-body, cere- 
bral, and paediatric. 
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LABORATORY TIMER?“ 


*6 Digit Liquid onpa Display 
Push-Button Operation 
"Accurate Elapsed Time Measurement 
Ranges 0-999.999 seconds 
0-9999.99 seconds 
*Pocket-sized, Battery Operated 
(Battery lifetime over 200 hours 
continuous use) 






The new 2546 Laboratory Timer has 
been designed for use with the 2502/3 

Farmer Dosemeter, 2500/3 lonex Dose/ 

Doserate Meter and 2560 N.P.L. Therapy 
Level X-ray Exposure Meter. it provides 
accurate measurements of elapsed time 
: and incorporates two ranges of 999.999 

seconds and 9999.99 seconds, These are 


NUCLEAR 





gisplayed digitally ona liquid crystal, NT Pr 
Te telement display. E ER ISES EM i 
halaa ~ hile replaces hand- LIMIIT ED 
aid stop watches, laboratory clocks etc. Bath Road, Beenham, Reading RG7 SPR England Tel 07 
Full details on request, Telex 848475 Cables Devisotope Reading. mamina 


Associate Companies Nuclear Enterprises GmbH, Munich 
NE Nuclear Enterprises S.A. Geneva Nuclear Enterprises inc San Carlos, California. 





The British Journal of Radiology 
REVIEW ARTICLES 


The Possibility of Hazard in Medical and Industrial Applications of Ultrasound, 


by C. R. Hill (August 1968) 50p 
An Evaluation of Conventional Radiography in Acquired Heart Disease, 

by R. G. Grainger (October 1970) 50p 
The Plain Chest Radiograph in Congenital Heart Disease, by K. Jefferson 

(November 1970) 70p 
The Kinetics of Tumour Cell Proliferation and Radiotherapy, by M. Tubiana(May 1971) 75p 
Radiation Therapy in Diseases of Larynx, by R. Morrison (July 1971) 75p 
The Radiological Diagnosis of Adrenal Tumours, by D. Sutton (April 1975) 75p 
Bone Scanning, by M. V. Merrick (May 1975) 75p 
Tumour Imaging Radiopharmaceuticals, by A. H. F. Paterson and 

V. R. McCready (July 1975) 50p 
The potential of Californium-252 in Radiotherapy, by E. J. Hall and H. Rossi 

(October 1975) 75p 
Craniopharyngioma: based on 160 cases, by M. Banna (March 1976) 80p 


Pancreatic Scanning, by J. E. Agnew, M. Maze and C. J. Mitchell (December 1976) 70p 
Gastro-oesophageal Reflux, Hiatus Hernia and the Radiologist, with 

Special Reference to Children, by G. M. Steiner (March 1977) 65p 
Classification and radiographic features of uterine malformations: 
hysterosalpingagraphie study, by E. Zanetti, Liliana Recanatini Ferrari and G. Rossi 


{March 1978) 55p 
The sensitivity of the human breast to cancer induction by ionizing radiation, 
by R. H. Mole (June 1978) 60p 





siete EE E EE A OENE AAA EEEE EEAO EENE OAN EEEN PEENE eo ent EN E E EEPE EAE EEEE tee 


Available from tħe Publications Office, British Institute of Radiology, 32 Welbeck Street, 
London, WIM 7PG (remittance with orders less than £1, please). | 
ieee ees ; A nn 








xxvii 


gave us a stiff specification 


General Electric Company of America” came to 
Fothergill & Harvey for a body scanner patient support 
which would deflect by no more than ¥2” over a 60” length 
when carrying a 300 Ib person. Naturally the top had also to 
be X-ray transparent. We made the top of Carbon Fibre. 
And it easily exceeded GE’s specification. 





That’s because Fothergill has an expertise in carbon 
fibre which is probably unique in Europe. Moreover, the 
company has immense experience specific to radiological 
applications. 

Apart from patient supports for a wide range of 
equipment, Fothergill & Harvey has perfected compression 
plates whose rigidity, wear resistance, lightness and 
low-X-ray absorption properties represent very real 
progress. 

If you would like to know more about Carbon Fibre 


for all types of medical X-ray components, write to 
Fothergill & Harvey Ltd. at the address below. 


Fothergill & Harvey Ltd 


Composites Division 
Summit, Littleborough, Lancs OL15 9QP. 
Tel: Littleborough 78831. Telex: 63262. 


1 with British company with similar name, 
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Krupp-Krankenanstalten, Essen 


DEPARTMENT OF 
DIAGNOSTIC RADIOLOGY 


pocket 
dosimeters 


Radiologist or 
Advanced Resident 


wanted for 1st June 1979 or later. 


P detection and 
” measurement of 
gamma radiation 


ACCURATE 
ROBUST 
RELIABLE 


All kinds of diagnostic procedures 
performed, including CT. Working 
knowledge of the German language 
would be advantageous. 

High salary according to present 
professional standard. Housing is 
provided. Permanent job intended. 


Applicant should be member of the 
Common Market. 


Please send application including 
telephone number to: 


Prof. Dr. med. Kunitsch, Kuckuckstr 10 
43 Essen 15, Germany, BDR. 


R:-A:‘Stephen 
AND COMPANY LIMITED 
Miles Road Mitcham CR4 3YP Tel01-648 1668/9 













Locum radiologist wanted 


from May, during several months, in the 
St Lambertus Hospital, Helmond, 
Holland. 


American University Hospital 
Beirut, Lebanon 


Salary Fl.12,000 per month. 

For further information please call the 
radiologist: 

J.W. Koch. 

Tel Hospital : 04920 28811. 


WANTED 


Diagnostic Radiologist 
with special interest in 
Neuroradiology 








Salary and benefits commensurate with 
qualifications and experience. Campus 
lodging available if desired. 


Radiologist, with particular experience 
of Nuclear Medicine and Ultrasound, 
seeks post in Europe. Southern Germany 
preferred, although anywhere considered. 





Short or long term. 


Please write to Box No 18 
British Journal of Radiology 
32 Welbeck Street, London W1M 7PG 





Please reply to: 

Dr. R. O. Murray, 25 Wimpole Street 
London W1M 7AD 

Tel. 01-935 4747 








Kapid, Two-step 
automatic elution 
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7 and handle 


Convenient, 
well-shielded eluate 
vial container 


Reliable performance and 
consistently high yields A eN 
from our unique — Pee ki Effective shielding, 
generator column, proved <a C E minimizing radiation 
over many years w% A = dose to the user 


Reliable service and 
supply. Despatched on 
any weekday 
' Introducing our second generation generator 
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The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024.04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 
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Specifically for casualty 
and 
neuroradiology 





CGR now introduce the Arco Universal unit, the 
versatility of which is achieved by providing isocentric 
movements about a point in space. It is thus suitable for 
ARCO neuroradiology, general casualty and routine radiology 

with 360° tube rotation about a horizontal axis, 360° cas- 


UNIVERSAL sette rotation and wide vertical adjustment. 
This general purpose installation produces an image 


from quality as outstandingly high as specialised X-ray units. 
The quality, in fact, that is CGR. 


Full details and specifications from 


CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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Negative imaging gives 
positive cost advantage 


The Matrix Video- 
Imager gives high 
quality multi-image 
recording and 
reduces film costs 


The Matrix 1000 is an advanced 

video-imager offering many 

operating advantages:- 

@ Superior quality hard copies. 

@ Records multiple images on 
10x 8in X-ray film using 
matched lens sets. 

@ Fully automatic exposure 
control for perfect recording. 

@ Flasher activated marking for 
easy identification. 

@ Compatible with ultrasound, 
video-fluoroscopy and gamma 
computer imaging systems. 


Distributors for: Atomic Development Corp - Birchover Instruments - Capintec Inc 
Diagnostic Isotopesinc - Matrix Instruments - Medicor - Omnimedical 
Veenstra Instrumenten b.v. 


Internuclear Limited, 18 Bath Road, Swindon, Wiltshire SN1 4BA. Telephone: 0793-30579 





Cathetron 
Remote loading 
Intracavitary unit 
using Cobalt 60. 


| The Cathetron has now been in clinical use 
for over a decade and is used by well over 
30 hospitals in nearly 20 different countries. 


Use of the Cathetron gives full protection, 
from radiation hazards, to all staff and 
reduces treatment time to minutes, thus 
ensuring that the Catheters stay in their 
correct location. These short treatment 
times mean that many patients can be 
treated as out-patients and therefore need 
not take up valuable bed space. 


The Cathetron is used for surface mould 
treatments; treatments of the oesophagus 
and bronchi as well as gynaecological 
cases. 


[T][E]M] Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex 87397 Grams TESTMENT CRAWLEY 
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Your 


Scintigraph 
Ki 7 Pny 


Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 





















Agent for Bone Scintigraphy i 
Our Technetium (MDP) Agent gives you the best skeletal visualization a 
available today. The high bone uptake and rapid clearance from blood 4 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. NS ec 
New Agent for Lung Scintigraphy | Teste iba ASS 
Our new Technetium (MAA) Agent offers pee ants] i 
detailed lung visualization, with no interference ae toe n ns Bal 
from the liver. Particle size is strictly controlled with A 
the majority in the range of 10-80u. oo 


New Agent for Liver Scintigraphy ee (maa aS 
The latest addition to our l | n ae i 
range is the unique Technetium a aoe 


{tin colloid) Agent. Its preparation OT aa 
is much simpler than sulphur Te $ 
colloid agents and requires no 

heating stage. It will visualize liver 

and spleen and unlike agents 

based on phytate, the colloid is \ B Reacts 
formed in the vial, allowing es, ea 
quality control checks prior to a 
injection. | 
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The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444, 
In W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307-4693-97. 
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CALL US... 


We were called C. H. F. MULLER in 1910. 


We've been called CUTHBERT ANDREWS since he 
founded the present firm in 1914. 


We've been called EVERYTHING X-RAY LTD. since 1975, 
simply for protection against modern punative taxation. 
The Eleventh (Golden) Edition of the famous catalogue of 
the same name should be ready for distribution in mid- 
1979. This will mark the second Golden Jubilee of an 
Andrews in this little firm (he’s always been called MR. 
RICHARD). 


We've been called HEY, YOU! for as long as we can 
remember. 


We don't mind what you call us, but if you want immediate 
advice about X-ray accessories, in which we specialise 
exclusively, 


PLEASE DO CALL US 
on 
01-950 2525 


If you prefer to write you may be pleasantly surprised by 
the promptness of our reply. 


CUTHBERT ANDREWS 


EVERYTHING X-RAY LTD. 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


Overseas telegrams: EXRAYZE WATFORD Telephone: 01-950 2525 
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A radiological approach to infertility—hysterosalpingography 


By R. C. Horwitz, M.B., Ch.B.,* P. C. G. Morton, M.B., Ch.B., M. I. Shaff, F.R.C.R., 
Department of Radiology, Groote Schuur Hospital, South Africa 


and P. Hugo, M.R.C.O.G., 


Department of Obstetrics and Gynaecology, Groote Schuur Hospital, South Africa 


(Received June, 1978) 


ABSTRACT. 

The hysterosalpingograms of 98 patients with infertility 
were reviewed with reference to technical problems, radio- 
logical features of each pathology and accuracy of reporting. 
Findings were confirmed by review of the reports of lapar- 
otomy or laparoscopy on all patients. 

Of the total number of fallopian tubes investigated (196), 
70 hydrosalpinges were correctly diagnosed from a total of 
77. Agreement between HSG and operation was achieved in 
123 of 127 fallopian tubes with peritubal adhesions, in all six 
of those with cornual spasm and in eight with cornual 
occlusion. In 16 of 20 fallopian tubes with partial distal 
occlusion, reporting was correct. 

With the potential accuracy of HSG diagnosis, we contend 
that it should be a preliminary procedure in every case, and 
in many may be the only investigation of tubal patency re- 
quired prior to surgery or conservative management. 


Hysterosalpingography (HSG) has for many years 
been an invaluable procedure for the assessment of 
tubal patency and tubal and intra-uterine pathology 
(Siegler, 1967b). 

Recently the use of laparoscopy for direct tubal 
visualization in the investigation of infertility has 
tended to replace HSG in many centres (Coltart, 
1970; Frangenheim, 1967; Gabos, 1976; Maathuis 
et al., 1972). 

In the infertility clinic at Groote Schuur Hospital, 
where a large number of low socio-economic 
patients are investigated, 75%, of 150 new patients 
seen annually have tubal obstruction as a contribu- 
tory factor and more than 650 HSG’s are performed 
(Annual Report, Obstetrics and Gynaecology De- 
partment, Groote Schuur Hospital, 1976). Because 
of the low risk (Siegler, 1967a) and potential accuracy 
of the procedure, the diagnosis prior to reparative 
surgery in many of these cases is made on HSG 
alone. Laparoscopy is reserved for those cases with 





*Present address: Department of Radiology, Radcliffe In- 
fimary, Oxford. 
Communications to be addressed to: Dr. P. C. G, Morton, 


cornual obstruction, inadequate HSG or such severe 
disease clinically and salpingographically that to 
perform surgery would be fruitless. 

We have reviewed the place of HSG in our de- 
partment with specific reference to technical prob- 
lems, radiological features and accuracy of reporting 
with direct relevance to infertility. 

As a result of our findings it is our contention that 
the HSG has a definite part to play as a preliminary 
procedure in every case, and because of the accuracy 
of the procedure in our hands, in many it is the 
only investigation of tubal patency required before 
surgery. This reduces the need for many laparo- 
scopies, and hence the potential risks and expense of 
this procedure in a busy unit. 


MATERIALS AND METHODS 

Ninety-eight patients with infertility, investigated 
in our infertility clinic during the period January 
1975 to March 1977 were reviewed with comparison 
of the radiological appearances at HSG and the 
appearances at laparotomy or laparoscopy. Pre- 
operative HSG’s were reviewed and reported. The 
findings were then compared with the operative 
notes of laparotomy or laparoscopy. 

Of the 107 cases reviewed, nine were excluded 
from this study because of incomplete radiography 
or operative notes. In all patients obvious endocrine 
causes for infertility had been excluded and the 
patient’s consort was shown to be fertile. 

HSG was performed by the standard method used 
in this department. 


TECHNIQUE 
HSG was booked for a date within ten days of the 
onset of menstruation, but generally not less than 
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seven days. The patients were premedicated with 
Tilidine Hydrochloride, 20 drops sublingually one 
hour before the procedure, and intravenous Hyo- 
acine- N-Butylbromide, 20 mg at the commencement. 
After reassurance of the patient and using aseptic 
technique, the cervix was visualized using a specu- 
lum and clasped with Volsellum forceps. Either a 
screw type Leech Wilkinson, or Spackman’s cannula 
was inserted into the endocervical canal. 

Maintaining a seal between the cannula and 
cervical canal with gentle traction on the Volsellum 
and pressure on the cannula, water soluble contrast 
medium Meglumine lodipamide 100% W/V (pre- 
warmed to 30°C), was injected slowly into the 
uterine cavity and fallopian tubes. Appearance of the 
uterine cavity and patency and mobility of the 
fallopian tubes was assessed by direct image in- 
tensification. 

Radiographs included a supine control film before 
insertion of the cannula, single films during the 
phases of early uterine filling, tubal filling and 
peritoneal spill. For detection of minor deformities 
of the uterine cavity it was essential to obtain 
radiographs of the uterus in the true anteroposterior 
projection and this was achieved by cervical traction 
and oblique positioning of the patient where neces- 
sary. A radiograph was taken in the erect position 
20 minutes after the completion of the procedure. 

Occasional unwanted side effects of the procedure 
were colicky lower abdominal pain during injection 


of contrast, persistent lower abdominal pain for 
some hours after the procedure and cornual spasm. 
Rare complications were an exacerbation of dormant 
pelvic inflammatory disease, generalized peritonitis, 
venous or lymphatic intravasation or other mani- 
festations of the systemic absorption of water soluble 
iodine containing contrast media. No anaphylactic 
reactions were seen in our series. Overall experience 
in our department has revealed a 3% incidence of 
pelvic infection after the procedure. 

At laparotomy and laparoscopy (using double 
puncture technique) the uterus and fallopian tubes 
were visualized in their entirety, and patency of the 
fallopian tubes was demonstrated by prograde or 
retrograde injection of blue dye. Any point of 
obstruction could then be demonstrated by dilatation 
of the proximal tube or by the extent of blue stain- 
ing. 

RESULTS AND INTERPRETATION 
The results of the correlation between HSG and 


laparotomy or laparoscopy are summarized in Tables 
I and II. 


Hydrosalpin 

Hydrosalpinges were seen in 39% of the total 
number of fallopian tubes investigated. Agreement 
between HSG and operation was found in 70 of the 
77 hydrosalpinges found at operation. 

The radiological appearance was that of distal 
obstruction of the fallopian tube with dilatation of 


TABLE I 
TUBAL FINDINGS — 98 PATIENTS — (196 TUBES) 






























































r =f TR 
Total 
Single Percentage HSG diagnosis HSG diagnosis not Operative findings 
Findings tubes incidence | confirmed operatively | confirmed operatively | not diagnosed by HSG 
Hydrosalpinx 77 39 70 7 
| Peritubal 
l adhesions 127 65 123 
| Cornual 
spasm 6 3 6 
Cornual 
obstruction 8 
| Isthmic 
| obstruction 20 20 
Distal 
obstruction 20 16 
Normal 
fallopian 18 16 
tubes 
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TABLE II 
UTERINE FINDINGS — 98 PATIENTS 





HSG diagnosis 





HSG diagnosis not Operative findings 








Findings Total confirmed operatively confirmed operatively not diagnosed on HSG 
Leiomyomata 10 5 9 5 
Congenital 
abnormalities 11 1 9 1 








Fic: 1. 


(a) Hydrosalpinx. Ballooned obstructed terminal fallopian 
tube with fimbrial ridges. 
(B) Hydrosalpinx. Twenty minute erect film showing fluid- 
contrast levels. 





Fic, 2. 


Adhesions-bilateral. Both tubes fixed, with isthmic and 
ampullary convolutions. Note undisplaced uterus. 


the ampullary portion and obliteration of the normal 
internal mucosal architecture. There was free com- 
munication of the dilated area with the isthmic 
portion of the fallopian tube. The terminal ridges of 
adherent and ballooned fimbriae were sometimes 
visible. Fluid-contrast levels were frequently seen in 
the hydrosalpinx on the erect 20 minute radiograph 
(Fig. 1). Limited intraperitoneal spill of contrast 
material occasionally occurred on pressure separ- 
ation of adherent fimbriae. 


Peritubal adhesions 

Sixty-five percent of the total number of fallopian 
tubes investigated showed evidence of peritubal 
adhesions. Agreement between HSG and operation 
was achieved in 123 of 127 fallopian tubes. Oper- 
ation revealed adhesions in five further tubes re- 
ported as normal at HSG. 

Multiple convolutions of the isthmus and ampulla 
of the fallopian tube, with reduced mobility which 
could be assessed on “push-up” and “pull-down” 
radiographs, or more conveniently by manipulation 
under fluoroscopy, were indicative of peritubal ad- 
hesions (Fig. 2). Lateral displacement of the uterus 
with fixity indicated peritubal adhesions only if 
associated with convolution and reduced mobility of 
the fallopian tubes (Fig. 3). 
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Fic, 3. 


Adhesions-unilateral. Right tube fixed, with multiple con- 
volutions of isthmus and ampulla. Uterus drawn to affected 
side. 


Cornual spasm 

Persistent cornual spasm was identified in six 
fallopian tubes at HSG. Operative demonstration of 
patency of the tubes in these cases indirectly con- 
firmed the radiological diagnosis of cornual spasm. 

Spasm was characterized by a rounded “breast- 
like” cornual contour, which was either unilateral or 
bilateral (Craig, 1973; Sadek Foda et al., 1962; 
Siegler, 1967b). 

A useful adjunct to the diagnosis of cornual spasm 
is the intravenous injection of Hexoprenaline 10 mcg 
and the subsequent visualization of the fallopian 
tubes (Fig. 4). If this fails to demonstrate the 
fallopian tubes in apparent bilateral cornual spasm, 
and contrast is noted in the peritoneal cavity on the 
20 minute radiograph, this is indirect evidence of 
spasm in at least one tube. The so-called “cornual 
sphincter” consists of a fold of mucous membrane, 
and does not constitute a sphincter mechanism 
(Schneider, 1942; Siegler, 1967b). If contrast is seen 
in the pretubal bulge, then there can be no cornual 
spasm and organic obstruction is diagnosed (Fig. 5). 


Cornual occlusion 

Of the eight fallopian tubes with cornual obstruc- 
tion, all were accurately identified by HSG. 

This was characterized by a pointed or irregular 
cornual margin (Sadek Foda et al., 1962), and 
failure to visualize the fallopian tube after the 
administration of Hexoprenaline. 


Partial distal occlusion of the fallopian tube without 
hydrosalpinx 

Agreement between HSG and operation was 
found in 16 of the 20 fallopian tubes thus affected. 





B 


Fic. 4. 
(a) Right cornual spasm. Rounded cornual contour and 
non-filling of right tube. 


(e) Relaxation of right cornual spasm after intravenous 
Hexoprenaline. 


Some dilatation of the ampulla, retention of 
contrast in the ampulla at 20 minutes and late spill 
of contrast were indicative of partial occlusion of the 
fallopian tubes (Fig. 6). Lack of terminal dilatation 
and spill into the peritoneal cavity differentiated this 
from a hydrosalpinx. 


Leiomyomata 
Agreement between HSG and operation was 
found in five of the ten cases of leiomyomata. 
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Submucous leiomyomata presented _ hystero- 
graphically as well demarcated, rounded filling de- 
fects seen clearly during early filling of the uterine 
cavity. As filling continued, these defects became 
partially obscured by enveloping contrast (Kendall- 
Smith, 1975). Isthmic leiomyomata gave rise to 
retained contrast in the uterine cavity and fallopian 
tubes in two cases at 20 minutes, suggesting a “‘ball 
valve” mechanism (Fig. 7). Large intramural leio- 
myomata deformed the uterine cavity, and subserous 
leiomyomata were not possible to identify. 





Fic. 5. 
(Top) Bilateral cornual obstruction with irregular cornual 
contours. 


(Bottom) Bilateral isthmic obstruction. Demonstration of 
“‘pretubal bulge” precludes cornual spasm. 





B 
Fic..7. 
Fic. 6. (a) Isthmic submucous leiomyoma. 
Partial distal occlusion of right fallopian tube. Evidence of (B) Delayed film shows contrast retention in uterus and left 
bilateral adhesions and left hydrosalpinx. fallopian tube. 
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Congenital uterine anomalies 

In ten cases congenital anomalies of the uterus 
were diagnosed on HSG but only one of these was 
confirmed operatively. ‘The majority were arcuate or 
subseptate uteri diagnosed according to the criteria 
and measurements of Tompkins (Craig, 1973; 
Tompkins, 1962). 


DISCUSSION 
The mechanical causes of female infertility, which 
can be radiologically elucidated, include hydrosal- 





B 
Fic. 8. 
(A) Large left hydrosalpinx with apparent early spill on right. 


(B) Delayed film shows fluid-contrast level in huge right 
hydrosalpinx. No free intraperitoneal spill. 


pinges and other tubal obstructions, peritubal ad- 
hesions, leiomyomata, congenital malformations of 
the uterus and intra-uterine synechiae. We have 
reviewed our material in an attempt to establish 
radiological criteria for the pathological processes 
encountered, and the accuracy with which each can 
be diagnosed. 

Hydrosalpinx occurred in 39% of the total 
number of fallopian tubes investigated. This figure, 
associated with the high incidence of peritubal 
adhesions, indicates the prevalence of pelvic in- 
flammatory disease in our group of patients. There 
were no unsubstantiated HSG diagnoses of hydro- 
salpinx, but a significant number of hydrosalpinges 
were detected only at operation. Technical difficulties 
at HSG accounted for the majority, with under- 
filling of the involved fallopian tube (Sweeney, 
1962). This could have been due to the use of an 
inadequate volume of contrast material, or to the 
preferential flow of contrast into the opposite tube 
(Israel and March, 1976; Kierse and Vandervellen, 
1973; Maathuis et al., 1972). Contrast material will 
flow preferentially into the tube with a large hydro- 
salpinx, filling it at the expense of the contralateral 
side which may be similarly affected. To overcome 
this, a volume of contrast sufficient to fill both 
fallopian tubes is necessary. In addition, an erect 
delayed film at 20 minutes is mandatory (Fig. 8). 

In two cases hydrosalpinges were not demon- 
strated because of proximal obstruction of the 
fallopian tubes. As our results demonstrate, with 
good technique a high accuracy can be anticipated in 
the diagnosis of hydrosalpinges. 

The accurate diagnosis of peritubal adhesions is 
more difficult (Maathuis et al., 1972; Moghissi and 
Gun Sup Sim, 1975). Underfilling of the fallopian 
tubes or proximal obstruction makes assessment 
impossible. It cannot be assumed that the patho- 
logical process always involves both sides, and a 
number of cases demonstrated unilateral peritubal 
adhesions. Discrepancies between radiological and 
operative findings could in some cases be attributed 
to a prolonged interval between the two investi- 
gations (Israel and March, 1976; Maathuis et al., 
1972). Intervening episodes of pelvic inflammatory 
disease may have altered the situation within that 
period. Multiple convolutions of the isthmus and 
ampulla are necessary for the diagnosis of peritubal 
adhesions. Convolution of the ampulla alone may be 
normal. In doubtful cases, where only ampullary 
convolution and fixity exist, laparoscopy will play 
an important role. Although our diagnostic accuracy 
was high, we feel that peritubal adhesions should be 
reported with caution. 
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Loculated spill was not a valuable radiological 
sign, nor were perifimbrial adhesions without peri- 
tubal involvement possible to diagnose with accu- 
racy. 

Inaccuracies in the reporting of fallopian tubal 
obstructions were all due to under-filling of the 
affected tube for technical reasons, or to cornual 
spasm. It is necessary to differentiate between distal 
obstruction and hydrosalpinx as, by definition, 
hydrosalpinx implies dilatation of the ampullary 
portion with thinning of adherent fimbriae and 
destruction of mucosa. A distal obstruction may 
occur without these features and may be incomplete, 
allowing some spill of contrast material, whereas the 
hydrosalpinx is closed and can spill only by pressure 
separation of fimbriae. 

Retention of contrast material in a fallopian tube 
20 minutes after removing the cannula from the 
cervix is often regarded as evidence of obstruction or 
internal mucosal destruction. However, retention 
occured in two patients in our series with normal 
fallopian tubes. In both, large submucous isthmic 
leiomyomata were present and retention may have 
been on the basis of a “ball valve” effect, preventing 
drainage from the uterine cavity and fallopian 
tubes. 

By applying the criteria mentioned, cornual spasm 
should not be confused with cornual obstruction. 
At HSG, cornual spasm was diagnosed in six 
fallopian tubes which proved to be patent at oper- 
ation, thus confirming the hysterographic diagnosis. 

Submucous leiomyomata were accurately demon- 
strated on the basis of the appearance described, but 
the intramural or subserous types proved more 
difficult to diagnose. With obvious deformity of the 
uterine cavity by a large intramural fibroid the 
diagnosis can be made with more confidence. The 
concept of the “bulky” uterus with enlarged uterine 
cavity proved to be inaccurate, accounting for all our 
false positive reports, and we feel that this concept 
should be discarded. 

Minor degrees of arcuate or subseptate uterus 
demonstrated at HSG may appear externally normal 
on direct vision (Craig, 1973). This was borne out by 
our experience, and these borderline cases accounted 
for our high incidence of positive reports of con- 
genital anomalies of the uterus not confirmed by 
operation. We consider the HSG in this instance 
to be more accurate than laparoscopy or laparotomy. 

The Leech-Wilkinson cannula used in association 
with Volsellum forceps on the cervix, has proved 
satisfactory. It allows ease of application, watertight 
fit between cannula and endocervix, and important 
structures are not obscured by the long tip found in 


other cannulae. When the Leech-Wilkinson cannot 
be applied due to tears or other malformations of the 
cervix, the Spackman or Provis cannulae have 
usually proved successful. Sedation and analgesia 
are essential during what is an emotionally disturb- 
ing and sometimes painful procedure. General 
anaesthesia is not required and would be an un- 
necessary risk. A quiet, relaxed atmosphere in the 
examination room and reassurance of the patient are 
important factors in the prevention of cornual spasm. 

Extratubal pathology, such as enlarged ovaries or 
masses could not be diagnosed with any accuracy 
and some of the “ovaries” reported in our series 
were probably loops of bowel outlined by peritoneal 
spill of contrast. Pelvic endometriosis was discovered 
operatively in only three patients, reflecting the low 
local incidence. No characteristic radiological fea- 
tures could be determined, apart from the presence 
of peritubal adhesions in every case. 


CONCLUSION 

The gynaecologist requires information as to the 
extent of the functional and mechanical impairment 
of the fallopian tubes and uterus. An accurate 
impression of mechanical impairment can usually be 
provided by HSG alone, but this does not always 
correlate with the degree of functional impairment 
caused by peritubal adhesions preventing normal 
tubal motility. In view of the accepted risk of 
operation, we feel that the decision to allow a trial 
period before ordering laparoscopy, or proceeding 
directly to laparotomy, can be made on the basis of 
the findings on HSG. 

In the light of the accuracy of our results, it should 
be possible to report on an HSG with an evaluation 
of the probable accuracy of the findings. If the 
radiologist is confident of his diagnosis, laparoscopy 
will only be indicated where cornual obstruction 
is demonstrated, or to confirm the extent of pelvic 
disease in cases where further surgery will probably 
be of no benefit. The remainder will be managed 
conservatively or will undergo laparotomy. Where 
doubt exists, as in the case of possible peritubal 
adhesions without other abnormality, or in ap- 
parently normal HSG where the patient has not 
become pregnant within a year of investigation, 
laparoscopy will be indicated. This protocol will save 
much time and expense in a busy unit, by the 
avoidance of unnecessary diagnostic laparoscopies. 

In the approach to the investigation and the 
management of female infertility hysterosalpingog- 
raphy plays a primary role, and the radiologist 
remains an important member of the infertility + 
team. 
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Diagnostic Ultrasound in Clinical Obstetrics and Gynecology. 
By H. E., Thompson and R. J. Bernstine, pp. xii+-192, 
ilus., 1978 (John Wiley & Sons Ltd., Chichester, Sussex), 


£17-65, 
ISBN 0-471-86080-8. 


‘This small book is one of the recent wave of ultrasound 
texts. The purpose of the book is to “help the clinician use 
ultrasound without involving unnecessary engineering and 
physical details”. However, although approximately 100 
pages are devoted to obstetrical ultrasound, only 25 pages 
are devoted to gynaecological ultrasound, and the remain- 
der of the book contains a brief description of the mech- 
anics, system and basic technique. In such a small text a 
relatively comprehensive description of the mechanics and 
systems available seems somewhat superfluous, in view of the 
numerous texts already available. 

‘The section on obstetrics is lucidly written and contains 
much useful basic information. The section on gynaeco- 
logical ultrasound seems a little dated. This is demon- 
strated by the references given at the end of the chapters, 
few of which are later than 1975. This may be a reflection of 
the time taken from preparation to final production, but a 
number of recent papers have demonstrated the increased 
accuracy of ultrasound in the demonstration and differenti- 
ation of adnexal masses. Similarly, the section on pelvic 
malignancy is somewhat brief. The quality of the images 
in the book is reasonable, but a further complaint shared in 
common with recent texts, is the number of bistable images 
present, which would be better omitted, however unusual 
the condition. In all, this is an informative book of basic 
obstetrical and gynaecological ultrasound. One hopes that a 
further edition will expand and update the gynaecological 
content at the expense of the physical aspects, which will 
make this an extremely useful little book. 


C. H. Wricur. 


262 


1979, British Journal of Radiology, 52, 263-267 


APRIL 1979 


The radiological diagnosis of polyps in the presence of 


diverticular disease 


By A. M. Htoo, M.B., M.R.C.P., F.R.C.R., 
The Middlesex Hospital and St. Marks Hospital 


and C. |. Bartram, M.B., M.R.C.P., F.R.C.R. 
St. Marks Hospital, City Road, London, E.C.1 


(Received July, 1978) 


ABSTRACT 

The double contrast barium enemas in 20 patients with 
endoscopically proven polyps within a segment of diverticu- 
lar disease have been reviewed, Ninety per cent of the polyps 
were detected. The increased density sign and negative 
shadow filling defect proved valuable in their detection. Anti- 
spasmodics are advised to distend the sigmoid and allow 
double contrast views to be obtained. With severe diverti- 
cular changes it may be impossible to exclude a polyp, and if 
the patient complains of rectal bleeding, endoscopy is indi- 
cated. 


The detection of colonic polyps poses a complex pro- 
blem in the presence of diverticular disease. The 
difficulty is accentuated where there is severe muscle 
thickening (Berenbaum and Berenbaum, 1965). 
Colonoscopy has shown that the double contrast 
barium enema is capable of diagnosing polyps of over 
5 mm diameter with an accuracy of 959%. However, 
failure to detect a polyp radiologically is most likely 
to occur in the sigmoid in association with diverticu- 
lar disease (Williams et al., 1974). The radiological 
problems in diagnosing polyps in the presence of 
diverticular disease are discussed, and criteria sug- 
gested for their diagnosis. 


MATERIALS AND METHODS 

The double contrast barium enemas of 20 patients 
with colonic polyps and diverticular disease were ex- 
amined. In 19 the presence of polyps had been 
established endoscopically, and in one following re- 
section. The cases were selected to include only 
those where polyps had been found endoscopically 
within a segment of diverticular disease. The ages of 
the patients ranged from 40 to 80 years. Nine were 
female and 11 male. 

The radiographs were viewed by the two authors 
in conjunction, without knowledge of the endoscopic 
findings, as to the site of the polyp. The following 
criteria were used to distinguish a polyp from a 
diverticulum, and to detect the presence of a polyp 
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with a segment of diverticular disease (Fig. 1). When 
both are viewed tangentially there is obviously no 
difficulty in distinguishing a polyp from a diver- 
ticulum. The problem arises when either are viewed 
en face or at an angle. 


Radiographic signs of a polyp 

1. The base of a sessile polyp seen in double con- 
trast will either show as an elipse or two concave lines 
(Young, 1969). Barium covering the surface of the 
dome of the polyp forms the “bowler hat sign” 
(Youker and Welin, 1965). 

2. A pendunculated polyp seen in double con- 
trast en face shows as a target sign, the outer ring 
being due to barium covering the head of the polyp, 
the inner ring from barium around the stalk (Young 
1969). 

3. A pedunculated polyp viewed obliquely in 
double contrast will show the stalk as two parallel or 
slightly converging lines in the lumen of the bowel, 
leading to the head of the polyp. The presence of 
two such lines is referred to as the “stalk sign” (Fig. 
2). 

4. Sessile or pedunculated polyps by virtue of 
being intraluminal lesions cause an “increased den- 
sity sign” when seen in double contrast (Fig. 3), This 
is due to two factors. First, the soft tissue mass of 
the lesion in the lumen reduces the air that the beam 
travels through, so that there is increased attenua- 
tion. Second, barium covering the polyp and the 
mucosa results in greater attenuation as the beam 
has to traverse four layers of barium. This does not 
apply to a divericulum seen en face in double contrast 
as only two layers of barium are traversed, corre- 
sponding to normal bowel, and the distance through 
air is increased so that attenuation may actually be 
reduced (Fig. 4). 

5. The region of the polyp may not be seen in 
double contrast. The polyp may be shown as a nega- 
tive shadow as it is a filling defect in the barium (Fig. , 
5) (Youker and Welin, 1965). 
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DISTINGUISHING FEATURES BETWEEN A POLYP AND DIVERTICULUM 
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Distinguishing features between a polyp and diverticulum. 


Radiographic signs of a diverticulum seen en face 

1. The diverticulum may fill completely with 
barium (Fig. 4). 

2. If partly filled with barium the “meniscus sign” 
may be apparent. The outer border of the barium is 
smooth and even as it lines the diverticulum. The 
meniscus fades centrally. With a polyp the inner part 
of the ring is smooth as it surrounds the base of the 
polyp, and the meniscus fades peripherally (Youker 
and Welin, 1965). 

3. In decubitus or erect views a diverticulum par- 
tially filled with barium will show a fluid level. 

4. If a diverticulum contains only a thin layer of 
barium this will produce a ring shadow (Fig. 4). but 
there is no increased density, target, stalk or hat sign. 


RESULTS 
Polyps were not seen in two patients. In one 
patient there was gross diverticular disease in the 


Fic. 2. 
Stalk sign. Parallel lines of the pedicle (arrow) leading to the 
head of the polyp which is obscured by a pool of barium. 
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Fic. 4. 
En face view of diverticulum lined by a thin layer of barium 
(arrow). No increase in density. Some diverticula are par- 
tially or completely barium filled. 





Fic, 3. 


Sessile polyp showing up as an intraluminal lesion of in- 
creased density (arrow). 


sigmoid with considerable muscle deformity. The 
lumen could not be clearly identified (Fig. 6). The 
resected specimen is shown in Fig. 7. In the other 
patient the sigmoid loops were superimposed and 
not shown in double contrast. Two polyps, 7 and 2 
mm in diameter were missed. 

In the 18 patients in whom polyps were detected, 
the signs described were elicited in the following 
frequency: 

Increased density of the polyp —14; 
Filling defect with negative shadow — 10; 
Meniscus sign —9; 

Stalk sign —7; 

Hat sign —3; 

Target sign —2; 

Eighteen polyps were found: eight were peduncu- 
lated. The largest polyp detected in the series was 


Fic. 5. 





Pedunculated polyp seen as a negative filling shadow. 
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Fic, 6. 


Gross diverticular disease. Lumen not defined. No polyp 
diagnosed radiologically. 





Fic. 7. 


Resected specimen showing pedunculated polyp (arrow). 


4.5 cm in diameter, the smallest 8 mm. In three 
cases four different signs of a polyp were elicited, and 
in three only one sign. In three patients the polyp 
was seen in double contrast only in one view, and 
completely obscured by barium in all other views. 
Utilizing the described signs, a diverticulum was not 
confused with a polyp in any case. 


DISCUSSION 
Adenomatous polyps are common in the sigmoid 
colon in older patients (Arminski and McLean, 
1964). Diverticular disease is also common in this age 
group, being present in almost half of the population 
over 50 years of age (Hughes, 1969). The diverticula 


are commonest in the sigmoid (Zollinger, 1968), 
which is also where the muscle abnormality pre- 
dominates (Morson, 1963). It is therefore to be ex- 
pected that these two lesions should frequently co- 
exist. Radiologically this presents several problems. 

The sigmoid colon is the most difficult part of the 
large bowel to demonstrate on barium enema. It is 
liable to be obscured by overlapping loops of redun- 
dant colon, or small bowel if barium has refluxed 
into the terminal ileum. Barium also tends to pool in 
the sigmoid loop. The standard double contrast 
barium enema views may therefore reveal only parts 
of the sigmoid colon in double contrast, in one or 
two projections. This is reflected in the number of 
occasions when a polyp was seen as a negative filling 
defect in the barium, and that in three patients the 
polyp was only visible in one view. 

It is therefore important to ensure that optimum 
double contrast views of the sigmoid are obtained. 
Technically this may be achieved by adequate drain- 
age of the rectum prior to air insufflation, then rota- 
tion of the patient from left lateral to prone, to right 
lateral during air insufflation, so that the barium is 
driven as a column out of the distal colon towards 
the caecum. Antispasmodics are particularly helpful 
when muscle thickening is present. Greater disten- 
sion is possible which reduces the muscle deformity 
thereby lessening pooling of barium between inter- 
digitating folds. Reflux of barium into the terminal 
ileum is prevented by completing air insufflation in 
the prone position, when the ileo-caecal valve is non- 
dependant so that air only will reflux. 

The presence of diverticula undoubtably detracts 
from the ease of polyp detection (Fig. 6). Spotting a 
stalk or area of increased density (Figs. 2 and 3) often 
provides the initial clue to the presence of a polyp, 
which can then be fully delineated on closer inspec- 
tion. 

Careful examination of the sigmoid colon is neces- 
sary in the presence of diverticular disease. However, 
in spite of all precautions it may be impossible to 
detect a polyp. This is of considerable importance in 
patients with colo-rectal bleeding. Bleeding should 
not be attributed solely to the presence of diverticular 
disease. If no polyp is found the patient should still 
be referred for colonoscopy (Williams et al., 1974), 
which will often reveal an adenomatous polyp. 
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Book review 


Management of Primary Bone and Soft Tissue Tumors. pp. 
xii-+474, illust., 1977 (Year Book Medical Publishers, Inc. 
Chicago, London), £31-00. 

This volume reports 35 papers presented at the 21st An- 
nual Clinical Conference on Cancer held at the M. D. 
Anderson Hospital and Tumor Institute, Houston, Texas 
in 1976, 27 of these being entirely or mainly based on ex- 
perience at this well-known centre. To assess progress in 
knowledge and management of sarcomas during 13 years one 
may compare this book with the similar volume of approxi- 
mately equal size published in 1965 (No.2 of this present 
series). Relatively less space is now devoted to histopathol- 
ogy, with a significant increase in the amount about chemo- 
therapy and tumour immunology. Unavoidably, this book is 
already outdated, since many clinical trials detailed were on- 
going so that preliminary results only were available. Never- 
theless, the large volume of information, both on diagnosis 
and management, will be rewarding to the general reader 
and can be amplified by the sarcoma specialist by reference 
to the journals. 

With so many authors some inequality of style and value 
of papers is inevitable, but a high standard of clarity is main- 
tained throughout, although some topics have been com- 
pressed or over-simplified in the interests of brevity. With 
minor exceptions the illustrations are good, and the numer- 
ous diagrams and tables clear and precise. 

Many diagnostic problems are considered, starting with 
the histopathology of several less common types of soft tissue 
sarcomas, including the recently described tumour resem- 
bling Ewing’s sarcoma of bone. Histological grading of 
tumours and its correlation with prognosis receives consider- 
able attention, but one wonders to what extent such evalua- 
tion of histological structure would be reproducible by 
reviewing pathologists. Sarcoma staging and its bearing 
upon the selection of appropriate therapy is reported, with 
comments about several pseudosarcomatous lesions and that 
presently-popular neoplasm—malignant fibrous histiocy- 
toma, 

An unusually interesting paper recounts metabolic studies 
of young osteosarcoma patients, relating the findings to the 
prevalence of this tumour during the period of active skeletal 
growth. It is a pity that anthropometric data of the patients 
were not included in the tables, other than the Tanner stage 
of sexual development. In an otherwise excellent review of 
classification of primary bone tumours a curious statement 
appears concerning giant cell tumours of bone—‘“The better 
differentiated lesions have a stroma that is histologically 
malignant” (p.71); in the writer’s experience this is quite 
incorrect. The value of diagnostic electron microscopy is 
discussed with special reference to Ewing’s tumour of bone 
and certain soft tissue sarcomas. 


The surgical section provides good coverage of biopsy 
methods and the basic principles of surgical management. It 
is refreshing to note round condemnation of the archaic pro- 
cedure of ‘‘shelling-out’? a tumour. The danger of wound 
contamination by minute invisible tumour fragments is men- 
tioned, but not sufficiently emphasized. For benign and less 
aggressive bone tumours wide excision or resection, if need- 
ful with prosthetic sequence, is advocated in preference to 
curettage and grafting with its attendant risks of local 
recurrence. To a pathologist it is disappointing that more 
emphasis is not laid upon the prime objective of biopsy-—the 
provision of adequate material for pathological diagnosis (a 
point which still eludes some less experienced operators). 

Work on the frequency of intra-osseous “‘skip” metastases 
has been extended, but without any very firm conclusions 
about their importance in deciding the level of ablation of a 
limb involved by osteosarcoma. Two further papers report 
methods of clinical staging of patients with bone or soft tis~ 
sue tumours, giving analyses of the results. Although elab- 
orate, such detailed information seems an essential com- 
ponent of a well conducted clinical trial. Two papers deal 
with combined treatment by preoperative radiotherapy for 
soft tissue sarcomas and conservative surgery followed by 
irradiation of these tumours. 

This leads on naturally to radiotherapy alone or combined 
with chemotherapy for osteosarcoma and soft tissue tu- 
mours, with a report on the trial of chemotherapy for 
rhabdomyosarcoma. Now well into the realm of the boid-face 
acronym, there is a great deal more about trials of various 
protocols for soft tissue sarcomas and preoperative intra- 
arterial chemotherapy with simultaneous irradiation, which 
is claimed to increase soft-tissue tumour necrosis above the 
level achieved by irradiation alone. 

Fifty pages relate the intricacies of tumour immunology 
and its therapeutic exploitation, either alone or combined 
with other treatment. 

‘Two papers follow on neurosurgery for severe intractable 
pain and on the surgical removal of lung metastases, the 
latter closing on an encouraging note of patients thus res- 
cued. Lastly, a clinico-pathological conference discusses 
eight soft tissue lesions, illustrating some diagnostic pro- 
blems. 

This book provides a mass of “hard” facts, and also a 
considerable measure that are not so hard. On the whole it 
merits careful reading, and is a valuable addition to the 
library of the clinician or pathologist dealing with bone or 
soft tissue sarcomas, 

A competent subject index and adequate bibliography are 
provided. 

C. H. G. Price. 
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ABSTRACT 

Magnification selective renal arteriograms were performed 
on 24 patients, 12 of whom were hypertensive, and compared 
with non-magnification arteriograms by two observers inde- 
pendently. 

The magnification angiograms were performed on a 
Siemens Microfocus Bi 125/3/50 RG tube with a 0.1 mm 
focal spot. 

OF the 24 patients examined, information crucial to the 
diagnosis was found only on the magnification films in three 
patients (12.5%). Extra information compared with the non- 
magnification films was found in the magnification films in 
12 patients (50%). No additional information was dis- 
covered in the remaining nine patients (37.5°4). The mag- 
nification angiograms enabled the interlobular vessels to be 
visualized—this was not possible on the non-magnification 
films. 

Against the additional information gained must be 
weighed the disadvantages of magnification arteriography 
which include increased radiation dose and lengthening of 
procedure time plus additional injections of contrast. 

In conclusion, there is a place for magnification renal 
arteriography and the advantages seem to outweigh the 
disadvantages. 


Extraction of the maximum possible information 
from a renal arteriogram is every radiologist’s aim 
especially with regard to the modern potential for 
microvascular surgery (Clunie et al., 1975). Other 
reasons for wanting an accurate delineation of the 
small vessels of the kidney are studying the earliest 
stages of rejection, and assessing hypertension and 
pyelonephritis (Sidaway, 1972), Several surveys have 
been published on the use of magnification renal 
arteriography in humans (Greenspan et al., 1967; 
Sidaway 1972; Casarella 1973; Stein 1973; Cope et 
al, 1974) and dogs (Sherwood ef al., 1969), but 
these have been with a 0.3 mm focus tube. The use 
of the 0.1 mm focus spot tube has been reported, but 
only with reference to skeletal radiography (Genant 
et al, 1977), It now seems timely to assess renal 
magnification arteriography using the 0.1 mm focal 
spot. 

OF the 24 patients, 13 were male and 11 were 
female. Their ages varied from 16 years to 79 vears 
(mean 48.7 years). 


MATERIALS AND METHODS 
On each of the 24 patients a midstream aortic 


injection was performed (by the Seldinger technique) 
using 50 ml of Conray 325 (sodium iothalamate). Bi- 
lateral selective renal injections were then performed 
(except, of course, in the patient with a unilateral 
absent kidney). For each selective injection 8 ml of 
Conray 280 (meglumine iothalamate) were injected 
by hand. Magnification angiograms were then per- 
formed with 8 ml of Conray 280, also being injected 
by hand. 

The X-ray tube that was used for all the examina- 
tions was a Siemens Microfocus Bi 125/3/50 RG. 
For allthe angiograms an AOT changer was used 
with Cronex 4 AOT film. 

The selective (non-magnification) angiograms 
were performed with a 1 mm focal spot tube using 
factors of 77 kV, 13 mAs (0.025 sec exposure). 
These factors are an approximation and were varied 
for each patient. 

The magnification angiograms were performed 
with 0.1 mm focal spot. Other factors used for the 
magnification angiograms were 3.2 mAs, 100 kV 
(0.1 sec exposure). These factors were also adjusted 
to suit the individual patient. 

On the first two patients the 0.2 mm focal spot was 
used but when it was found that the 0.1 mm focus 
could be used all the remaining angiograms were 
performed with the 0.1 mm focus. 

For the magnification angiograms the focus to 
film distance was 120 cm and the focus to subject 
distance was 60 cm giving a 2 to 1 magnification. 
With the non-magnification angiograms, films were 
taken at the rate of two per second for the first six 
seconds and then one per second for four seconds. 
With the magnification films, only three exposures 
were taken at a rate of one per second as this was the 
maximum that the rating of the tube would allow 
without overloading. 

All the films were examined independently by two 
radiologists and it was decided which films gave more 
information. The films which gave more information 
were scored -}+ and the other films 0. If both films 
gave equal information both were scored 0. 
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RESULTS 

Out of 24 patients examined, information crucial 
to the diagnosis was found on the magnification films 
only in three patients (12.5%). Extra information 
compared with that found on non-magnified films 
was found in another 12 patients (50%). No addi- 
tional information was discovered in the remaining 
nine patients (37.5%). The results are summarized 
in Table I. 

Of the three cases in which crucial diagnostic 
information was found, one was a case where un- 
equivocal fibro-muscular hyperplasia had been 





























TABLE I 
CLINICAL DIAGNOSIS AND HELPFULNESS OF 
RADIOGRAPHS 
Non- Magnifi- 
Age | Sex Diagnosis Magnification | cation 
33 M | Hypertension, 0 
right renal artery 
stenosis 
39 I Hypertension 0 
59 F Carcinoma right 0 
kidney 
24 F Hypertension 0 | 
52 M | Hypertension 0 0 
41 M | Hypertension, 0 : 
left renal artery 
stenosis 
47 I Hypertension, 0 
fibro-muscular 
hyperplasia right 
renal artery 
49 M | Hypertension 0 0 
79 M | Left renal cyst 0 0 
56 I Hypertension 0 + 
48 M | L Hydro- 0 0 
nephrosis, 
haematuria 
16 M | Absent kidney 0 
39 M | Hypertension 0 
48 M | Right pyelone- 0 
phritis, 
haematuria 
47 I Hypertension 0 
42 F | Hypertension 0 0 
64 M | ? left renal 0 0 
mass—normal 
58 F Right renal cyst 0 
53 M | Right pyelone- 0 t 
phritis, 
haematuria 
65 M | Carcinoma left 0 
kidney 
23 F | Right renal 0 0 
artery stenosis 
62 F | Bilateral 0 0 
pyelonephritis 
51 M | Renal donor 0 
72 F | Carcinoma right 0 
kidney 











+ = More helpful; 0 = less helpful, 
If both scored 0 = Equal information from both 
films. 


sets of 


shown in the right renal artery (Fig.1) and appear- 
ances highly suggestive of fibro-muscular hyper- 
plasia were shown on the left (Fig. 2A). The magni- 
fication films show conclusively that there is no 
fibro-muscular hyperplasia on the left but that the 
appearances were due to a combination of vessel 
branching and wave effect (Fig. 2B). While it is 
appreciated that a repeat non-magnification run 
may have demonstrated the wave effect, it could not 
have differentiated conclusively the vessel branch- 
ing from the suspected fibro-muscular hyperplasia. 

The second case was one where an undisputed | 
cm long tight stenosis was visualized at the origin of 
the right renal artery with post-stenotic dilatation 
(Fig. 3a). What is not apparent on the non-magnifi- 
cation films is that there is a second tight stenosis 
near the origin of one of the branches to the lower 
pole of the right renal artery and this was only clearly 
seen on the magnification films (Fig. 38). In the 
third case, a suspected fibro-muscular hyperplasia on 
the non-magnified films was shown to be merely a 
tortuous vessel on the magnification films. 

Of the 12 patients where extra information was 
gleaned from the magnification angiograms, five had 





Fic. 1. 


Non-magnification film. Fibro-muscular hyperplasia of right 
renal artery. 
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Fic. 2a. 


Non-magnification film. Apparent fibro-muscular hyper- 
plasia of left renal artery. 


hypertension, three had a renal tumour, two had uni- 
lateral pyelonephritis with haematuria, one had a 
unilateral absent kidney and one was a renal donor. 

In the five hypertensive patients, magnification 
angiograms permitted visualization of interlobular 
arteries which were not adequately visualized on the 
non-magnification films. In all five patients the inter- 
lobular arteries were shown to be more tortuous and 
irregular with abnormal branching (Fig. 4a and 48) 
compared with the other patients in the series who 
were not hypertensive (Ljungquist, 1962). Better 
visualization of the interlobar and arcuate vessels 
was also achieved in these patients and a similar 
increase in tortuosity and irregularity was shown in 
these vessels. 

We did not feel that accurate glomerulography was 
possible with our technique although glomerular 
columns were visualized on some of the films (Cope 
et al., 1974). 

Of the seven other patients with improved visual- 
ization on magnification angiography, one had a 
renal tumour. On the venous phase it was apparent 
that not only was the renal vein invaded (seen on the 
non-magnification films) but that the tumour had 
spread outwith the wall of the renal vein, which was 
not apparent on the non-magnified films. With re- 
gard to the further six patients, one had a unilateral 
absent kidney, and magnification angiography 
showed the interlobular vessels on the contralateral 
side (normal) which were not seen in the non-magni- 
fication films. Another two patients had haematuria 
and unilateral pyelonephritis—the magnification an- 
giograms showed that the interlobular vessels were 
abnormal with variations in calibre and loss of 
normal pattern. The non-magnification films did not 
permit visualization of these changes. Of the re- 
maining three patients in this group, two had renal 
carcinoma and the magnification films gave more 
accurate delineation of the tumour boundaries by 
virtue of better visualization of tumour circulation at 
the periphery of the tumour. In the sixth patient of 


Fic. 2B. 


Magnification film. No fibro-muscular hyperplasia. Appear- 
ances due to a combination of ‘‘wave’’ effect and vessel 
branching. 
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Fic. 3a. 





Non-magnification film. Right renal artery stenosis with 
post stenotic dilatation. 


Fic. 4a. 


Non-magnification film. Patient with essential hypertension. 
Interlobular arteries not visualized. 





Fic. 4B. 
Fic. 3B. 


Magnification film. Same patient as Fig. 4a. Interlobular 
Magnification film. Second stenosis visible in intra-renal arteries visualized showing abnormal branching pattern, e 
branch artery. tortuosity and irregularity. 
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this group, the renal donor, the magnification films 
showed the arcuate and interlobular arteries which 
were not visualized on the non-magnification films. 

In the remaining nine cases no additional infor- 
mation was obtained on the magnification radio- 
graphs, and in fact in one patient less information 
was obtained due to movement blur. 

Jt was felt that the two sets of angiograms taken on 
the 6.2 mm focus were subjectively as good as those 
taken with the 0.1 mm focus but the number is too 
small to draw any conclusions. 

Correlation between observers was good with 92%% 
agreement as to assessment. 


Discussion 

‘Times two magnification renal angiography gave 
increased information in 62.5% of patients, was of no 
additional value in the remaining 37.5% and in fact 
gave reduced information in one patient (4°). These 
figures do not reach statistical significance but show 
a promising trend and suggest the need for a larger 
trial which is under way. The disadvantages are 
increased radiation dose and lengthening of pro- 
cedure time plus additional injections of contrast. 

With our present equipment we found it was not 
possible to obtain satisfactory images at 3 to 1 mag- 
nification, and 2 to 1 magnification was the best that 
we could obtain during renal angiography, although 
4to I magnification gives good results with extremi- 
ties, using our equipment. The increased exposure 
time with magnification technique leads to more 
movement blur than normal but the high kV tech- 
nique reduces this greatly. 

A drawback in our system is that at present we are 
only able to expose a series of three films at one film 
per second due to tube rating, and therefore match- 
mg up an equivalent phase film of a magnification 
and non-magnification run to give a true comparison 


can be difficult. The variability in pressure of the 
hand injections was probably not a significant factor. 
There is an increased quantum mottle effect with 
magnification technique and this reduces image 
quality. 

In conclusion, there seems to be a place for mag- 
nification renal angiography. We believe the in- 
creased information gained outweighs the disadvant- 
ages enumerated above. 
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Book review 


Atlas of Carotid Angiography. Edited by M. Takahashi, 
pp. xvit 525, illus, 1977 (Igaku Shoin Ltd, Tokyo), 
Eto RO 

The atlas presents a balanced selection of good quality 
subtraction prints illustrating the diagnostic scope of carotid 
angiography. 

‘The text is brief, but it gives an adequate description of 
the methods and a good discussion of normal anatomy and 
its variants. Sections devoted to pathological appearances 


also discuss the main angiographic abnormalities and are 
supplemented by a well selected bibliography, but the work 
is obviously not intended to replace the more comprehensive 
textbooks. 

The atlas should be useful for reference at all stages of 
training, but would be especially valuable to those com- 
mencing study of neuroradiology. 

B. E, KENDALL. 
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ABSTRACT 

Two patients with leiomyosarcoma of the suprarenal in- 
ferior vena cava are presented. In one case the tumour was 
misinterpreted as intrahepatic at angiography. In the second 
case an extrahepatic location was suggested after repeated 
angiography. The diagnosis should be borne in mind when 
a large hypovascular mass appears to be located centrally in 
the liver at coeliac angiography and when ultrasound 
examination has revealed its solid nature. 


Leiomyosarcoma of vascular origin is a rare 
tumour. The majority of these tumours arise from 
veins, predominantly the inferior vena cava (Szasz 
et al., 1969, Kevorkian and Cento, 1973; Bailey et al., 
1976; Stitz and Boulter, 1976). Angiographic find- 
ings in leiomyosarcoma of the IVC have been de- 
scribed only in a few cases (Wray and Dawkins, 
1971; Couinaud, 1973; Justiniani et al., 1973; 
Stuart and Baker, 1973; Brewster et al., 1976; 
Tegtmeyer and Buschi, 1977; Schildberg and 
Kuntz, 1977). 

The angiographic findings of another two patients 
will be presented in this report and the difficulties in 
differentiating extra- from the intrahepatic tumours 
at angiography will be discussed. One case (case 1) 
has previously been described in brief (Granmayeh 
et al., 1978). 


REPORT OF CASES 
Case 1 

A 71-year-old white female was admitted with three 
months’ history of epigastric pain. On physical examination 
a large mass was palpated in the epigastrium. Barium 
examination of the stomach and duodenum revealed forward 
dislocation of the stomach. Liver scintigraphy demonstrated 
a tumour in the left lobe of the liver and a subsequent 
biopsy suggested an haemangioma. At coeliac and hepatic 
angiography (Fig.1) a large hypovascular mass was found 
dislocating the left lobe of the liver. A few irregular branches 
from the hepatic artery were identified. Lumbar aortography 
did not reveal any vascular supply to the tumour, which was 
felt to be located in the liver. 

At laparatomy the tumour was found to originate from 
the IVC at the level of the renal veins. There was no 
involvement of the liver or surrounding organs, and the 
tumour and an omental implant could be removed. The 
tumour protruded into the lumen of the IVC, which was 
opened and cleaned of tumour and clots. The postoperative 
course was uneventful. Microscopic examination of the 
tumour and the omental implant showed a well differenti- 
ated leiomyosarcoma. Postoperative irradiation of 4500 rad 








Address reprint requests to U. Nyman. 


was given. Two-and-a-half years later the patient had 
physical signs of liver metastases. No further follow-up is 
available. 


Case 2 

A 73-year-old white female was admitted with three 
months’ history of abdominal distension and epigastric pain. 
A large mass was palpated in the epigastrium. Barium 
examination of the stomach and duodenum revealed dis- 
location of the stomach but no tumour infiltration. Chole- 
cystography, ERCP and colon examination were normal. 
Ultrasound examination of the abdomen demonstrated a 
huge solid tumour, probably located in the liver involving 
the right and the left lobe. Liver scintigraphy revealed an 
enlarged liver with decreased uptake in the hilum. A fine 
needle aspiration biopsy was performed giving a diagnosis of 
sarcoma. Lumbar aortography did not reveal any tumour 
vascularity. Angiography of the coeliac and superior mesen- 
teric artery was performed. A large hypovascular mass 
considered to originate from the left medial segment separat- 
ing this from the left lateral segments and compressing the 





Case 1. 


Hepatic angiography. Large hypovascular mass (A) dis- 

locating the common hepatic artery inferiorly, the right 

hepatic arteries to the right and left hepatic arteries su- 

periorly and to the right. (Reprinted with permission from 
American Journal of Roentgenology). 


Fig. 1. 
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Fig. 2. Case 2. 

(a) Coeliac angiography. Large hypovascular mass dis- 
locating the stretched and narrowed common hepatic artery 
inferiorly and right hepatic arteries to the right. The 
arteries indicated by arrowhead were misinterpreted as left 
hepatic arteries simulating separation of the left lobe of the 


liver from the right by an intrahepatic mass. 
(B) Hepatic infusion angiography. Contrast filling of the left 
hepatic artery (A). Irregular hepatic arteries and contrast 
accumulation in the right lobe representing compressed 
parenchyma. 
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right lobe was demonstrated (Fig.2a). Vessels believed to 
represent tumour vascularity were found in the right lobe. 
Because of these findings the tumour was regarded un- 
resectable. 

The patient was later referred for intra-arterial chemo- 
therapy and it was then possible to catheterize the narrowed 
hepatic artery. At angiography of the hepatic artery with 
infusion technique (40 ml; 3 ml/sec) more adequate filling 
of the hepatic artery and its branches was achieved (Fig. 2B). 
It was then obvious that the tumour did not separate the left 
lateral segment from the rest of the liver but compressed the 
left lobe as well as the right lobe. Intra-arterial chemother- 
apy was given three times with two weeks interval with 50 
mg of adriamycin each time. No clinical effect of the therapy 
was noticed. It was then suggested that the tumour might be 
located outside the liver compressing the parenchyma. 
Laparotomy was performed and the tumour was found to 
arise from the suprarenal part of the IVC. The liver was 
compressed by the tumour but was otherwise normal. A 
small protrusion of the tumour into the lumen of the IVC 
was identified, but there was no thrombus or obstruction. 
The tumour, weighing 3.5 kg, could be removed leaving just 
a small part adherent to the IVC. No attempts were made to 
resect and reconstruct the IVC in order to remove all tumour 
tissue in this old patient. Microscopy revealed a well 
differentiated leiomyosarcoma. Post-operative irradiation of 
6000 rad was given and the patient is well six months after 
surgery. 


COMMENTS 

The vascularity of leiomyosarcoma differ de- 
pending on the site of origin. Small bowel lesions are 
hypervascular, and enlarged feeding arteries and 
early draining veins may be demonstrated, while 
retroperitoneal leiomyosarcomas generally are hypo- 
to moderately vascular (Levin et al., 1973; Granma- 
yeh et al., 1978). In the retroperitoneum these 
tumours get their main arterial supply from lumbar 
arteries, and depending on the extent of the disease 
also from the coeliac, the superior and inferior 
mesenteric, or the renal arteries. Retroperitoneal 
leiomyosarcomas are generally large at the time of 
diagnosis thus causing distortion of major arteries 
and veins, and adjacent organs. Angiography in both 
our cases demonstrated large poorly vascularized 
tumours compressing the liver parenchyma with 
stretching and dislocation of the common hepatic 
artery anteriorly and inferiorly. A similar angio- 
graphic finding regarding leiomyosarcoma of the 
IVC has been described in reports by Couinaud 
(1973), Stuart and Baker (1973), and Schildberg and 
Kuntz (1977), while hypervascular tumours oc- 
curred in cases reported by Wray and Dawkins 
(1971), Justiniani et al., (1973), Brewster et al., 
(1976), and Tegtmeyer and Buschi (1977). In all the 
cases with hypervascular lesions the hepatic arteries 
supplied the tumour. At surgery or autopsy these 
tumours invaded the liver or extended into the 
hepatic veins in all but one case (Brewster et al., 1976) 
where no details about the extension of the tumour 
was given. 
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Leiomyosarcomas of the IVC most frequently 
occur at the level between the renal veins and the 
diaphragm and since their arterial supply may be 
derived from hepatic arteries, these tumours may 
easily be misinterpreted as liver tumours at angiog- 
raphy. In our first case the tumour erronously was 
thought to be located in the liver. In case 2 an 
extrahepatic location of the mass was suggested 
after selective hepatic infusion angiography when 
the vascular anatomy could be better appreciated, 
and from the experience of case 1. In most pub- 
lished cases, where a cavography has been performed 
an obstruction of the IVC was present. This is, 
however, of no differential diagnostic help since 
large liver tumours may compress the IVC without 
any overgrowth to the vein. 

According to Rossi and Ruzicka (1969), abnormal 
vessels arising from the hepatic arteries, distortion 
of hepatic artery branches, radiolucency within the 
liver during the parenchymal phase and extension of 
hepatic arteries to the periphery of the liver are 
angiographic findings that should be considered 
when making a distinction between intra- and extra- 
hepatic masses. These findings were not sufficient in 
our cases to make this distinction and the same 
was found by Shanser et al. (1974). Their clue for 
making a diagnosis of an extrahepatic mass was the 
angiographic finding of stretched and attenuated 
intrahepatic arteries, without superior and inferior 
arcing around the mass and without irregularity of 
these arteries. This sign was of no help either in our 
cases. The intrahepatic arteries were stretched 
around the mass and what was initially thought to 
represent tumour vascularity was probably caused 
by impaired circulation in compressed parenchyma. 

To reveal the true extrahepatic nature of these 
tumours the plane of cleavage between the liver and 
the tumour must be determined. This may be 
obtained by oblique or lateral views at angiography. 
Ultrasound examination may demonstrate the re- 
lationship between the liver and the mass, but was of 
no help in this respect in one of our cases. Computer- 
ized tomography adds a new dimension and may 
help to solve the problem. 

In retrospect an extrahepatic location of the 
tumour should have been suspected in both cases 
since such a large hypovascular mass rarely occurs in 
the liver. Primary tumours are generally more 
vascular and hypovascular metastases are in most 
instances smaller and multiple. A cyst may grow 
very large but is usually then surrounded by a rim of 
opacified parenchyma (Rizk et al., 1971; Neiman and 
Goldstein, 1975) and furthermore ultrasound in our 
case 2 revealed a solid mass. 
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CONCLUSION 

Leiomyosarcoma of the IVC is a rare tumour and 
may easily be misinterpreted as an intrahepatic 
mass at angiography. This tumour should, however, 
be borne in mind, when the combination of a large 
hypovascular mass in the upper part of the abdomen 
demonstrated at coeliac angiography and ultra-sonic 
evidence of its solid nature is present; especially in 
women over the age of 40, where it most frequently 
occurs. Vascular supply from branches of the hepatic 
artery indicates infiltration of the liver or extension 
into hepatic veins and a non-resectable lesion. 
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ABSTRACT 

Our experience in the evaluation and diagnosis of jaundice 
by ultrasound in a consecutive series of patients examined in 
the past year is reported, A final diagnosis is available in 49 
patients with obstructive jaundice and 41 patients with non- 
obstructive jaundice, The accuracy of separation into these 
two groups ts 97%, in this series. We would like to stress the 
value of ultrasound as a complete investigation in many 
jaundiced patients. In this series a full diagnosis of the cause 
of jaundice was achieved in 58° of patients. 
in the past few years the ultrasound diagnosis of 
obstructive jaundice has been shown to be accurate 
in experienced hands. The positive diagnosis of 
extrahepatic obstruction approaches 100%, (Taylor 
et al., 1974; Conrad et al., 1978; Malini and Sabel, 
1977). The basis for making the diagnosis is the 
identification of a dilated biliary tree in the jaundiced 
patient. We report our experience over a twelve- 
month period in which a series of 111 consecutive 
patients presenting with jaundice were examined. 
We would like to emphasize the value of ultrasound 
imaging not only as a screening procedure to separate 
obstructive jaundice from other causes of jaundice 
but in the accurate specific diagnosis of jaundice in 
many instances. 

SUBJECTS AND METHODS 

it has become the practice in our hospital for most 
jaundiced patients to have an ultrasound examina- 
tion as soon as possible after presenting. Over a 
twelve-month period a series of 111 consecutive 
patients have been examined, All patients had a 
bilirubin level greater than 3 mg? (50 milliosmoles/ 
litre). A final diagnosis is available in 90 patients, 
obtained by review of the patients’ records. In all 
patients shown to have obstructive jaundice the 
final diagnosis was reached at laparotomy or in a few 
instances at post mortem. Biopsy results are avail- 
able in most patients with non-obstructive jaundice. 
However, six patients with infective hepatitis have 
been included without biopsy proof, as in these in- 
stances the biochemical studies, auto-immune 
stadies and clinical course were so typical for there 
to be no reasonable doubt as to the diagnosis, 
Twenty-one cases had to be excluded where proof 
of diagnosis was not available (refusal of biopsy, 
laparotomy or post mortem). All examinations were 
performed using a commercially available grey- 


scale unit and a 2.25 MHz 19 mm long internally 
focused transducer. Initially a series of longitudinal 
and transverse scans were done at 2 cm intervals 
using the standard single sweep technique, where 
possible in suspended inspiration. Transverse 
oblique scans were taken to maximize pancreatic 
visualization. In all cases of obstructive jaundice it is 
our practice to rotate the patient 30 deg into the right 
anterior oblique position to maximize visualization 
of the full length of the common bile duct, with a 
series of closely spaced longitudinal scans. A com- 
mon bile duct measurement of over 8 mm by ultra- 
sound was considered dilated (Behan and Kazam, 
1978). This technique has proved particularly 
valuable in demonstrating both the level and cause 
of obstruction, The left lateral position may oc- 
casionally be of value in demonstrating the lower end 
of the common bile duct. This position is also used 
for intercostal scans when the liver is obscured by 
bowel gas in other positions. In these circumstances 
only limited views of the liver parenchyma may be 
obtained, however this is often sufficient to confirm 
or exclude obstruction as a cause of jaundice. 

In all cases with no evidence of obstruction 
initially we now make a positive search for the main 
left and right hepatic ducts lying adjacent to the 
portal veins. Even when of normal calibre these are 
quite frequently demonstrated (Fig. 1). 


RESULTS 

In the full series of 111 patients there were two 
scan failures due to excessive bowel gas. This failure 
rate of 2% is surprisingly low. The possible ex- 
planation for this lies in the fact that many jaundiced 
patients have enlarged livers which are more easily 
demonstrated and also in the value of intercostal 
scans in the left lateral position. Although for most 
other situations a fairly comprehensive view of the 
liver is required for a successful study in the patient 
with obstructive jaundice, limited views of the liver 
will often be adequate to confirm the presence of 
dilated ducts. 

A positive final diagnosis is available in 90 patients, 
49 of whom had obstructive jaundice and 41 non- 
obstructive jaundice. Details are given in Tables I 
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TABLE I 
OBSTRUCTIVE JAUNDICE 















































Ultrasound Ultrasound Ultrasound 
Diagnosis Patients diagnostic helpful failed 

Carcinoma of ihepancieak = E 18 12(66%) j 1(6° y l 

d — E = ts as | 
Stones in common bile duct 19 11(58%) 5(26%) 3 | 
Carcinoma of gall-bladder E _ E ooo J -—- i E E 
Cholangiscarcinoma and inältrating lesions Henot i bo hee Ee a. ia E 
hepatis 3 3(100%) = 
Ampullary corcinonsh B E _ i 3 ae 2(66%) 1(33%) | 
Ee eS ———— S = PA a J 
Non-malignant stricture CBD 3 — 3(100%,) 
Dilated CBD-no sons found i i o E 2 fi 1(50°%) 1(50%) g 
“Totals 7 OO 49 | 259%) 12(24%) 3 























TABLE II 
NON-OBSTRUCTIVE JAUNDICE 





Ultrasound 
Diagnosis | Patients diagnostic 

Hepatitis 20 + 

(all severe 

changes) 


Cirrhosis and fatty | 


infiltration 13 11(84°,) 
‘Casting ciihosis | 7 3 z 3(100°,,) 
Metastases i 5 5(100°%) 
Totals | 41 gni 23(56%) 




















and II. There were no false positives and three false 
negatives. All the false negatives were in patients 
with intermittent biliary obstruction due to gall- 
stones. In two cases calculi were demonstrated in 
the gall-bladder but dilated ducts were not seen. 
Laparotomy was, however, three weeks later in one 
instance and five weeks later in the second, when in 
both cases calculi were found in a dilated common 
bile duct. The third failure is described in more 
detail later. The accuracy of separation into two 
main groups was 97% in this series. When the ultra- 
Pie i sound report records the precise cause of jaundice 

A transverse scan showing the main right portal vein (PV) these results are classified as diagnostic. In obstruc- 
and above it the main right hepatic duct (HD). tive jaundice a further category is identified in which 


u shuduh sdaulnite I | 





277 


VoL. 52, No. 616 


K. C. Dewbury, A. E. A. Joseph, S. Hayes and C. Murray 


the ultrasound report indicated the level of obstruc- 
tion or contributed other helpful, but non-diagnostic 
information about the nature of the obstruction. 
These are classified as helpful. 

Diagnostic results were obtained in a total of 52 
patients (58°,,), and helpful results in a further 13%. 
In the series there were 18 cases of pancreatic 
carcinomas, 12 of which (66%) were demonstrated. 
‘There were 19 patients with stones in the common 
bile duct which were identified in 11 cases (58%). 
All the five patients with metastases were correctly 
identified. In 15 cases of non-obstructive jaundice a 
bright liver echo pattern was identified. We con- 
sider this indicative of cirrhosis, fatty infiltration or 
severe hepatitis (Dewbury et al, 1979). Biopsy in 
these cases indicated one of these pathologies in all 
instances. In three patients a bright liver echo 
pattern was identified in association with enlarge- 
ment of the IVC and hepatic veins. All these 
patients were in severe congestive heart failure, one 
came to post mortem within two weeks and the liver 
showed the typical changes of cardiac cirrhosis. 
Two patients with cirrhosis had normal ultrasound 
images as did the majority of patients with hepa- 
titis. 


ILLUSTRATIVE CASE REPORTS 

Case 1 

A 72-year-old man presented with a three-week history of 
progressive jaundice. On physical examination, the liver and 
gall-bladder were enlarged. The bilirubin was 12 mg% and 
the liver function tests suggested an obstructive aetiology. 
An ultrasound examination was performed within 48 hours 
of admission. This confirmed the presence of enlarged ducts 
within the liver (Fig. 2a and B). The common bile duct was 
identified measuring 20 mm in diameter and this was 
traced down to its lower end where it terminates in a large 
pancreatic mass. Multiple metastases were also demonstrated 
in the liver. The ultrasound diagnosis was of extrahepatic 
biliary obstruction secondary to a large pancreatic carcinoma 
with liver metastases. These findings were all confirmed at 
laparotomy. 


Case 2 

\ 56-year-old woman presented with a ten-day history of 
jaundice initially associated with pain. An ultrasound ex- 
amination was performed. ‘This showed moderate dilatation 
of intrahepatic biliary radicles and marked enlargement of 
the common bile duct (Fig. 3). This measured 18 mm in 
diameter. At the lower end of the common bile duct a 2 cm 
calculus is demonstrated with distal acoustic shadowing. 
‘These findings were confirmed at laparotomy. 


Case 3 

\ 43-year-old man with several months history of vague 
abdominal discomfort and a five-day history of jaundice was 
admitted to hospital for further investigation. He was a 
publican and admitted to a large alcohol intake. Physical 
examination revealed an enlarged, slightly tender liver. The 
bilirubin level was 5 mg%. An ultrasound examination 
demonstrated considerable hepatic enlargement with no 
evidence of dilated biliary ducts. The liver echo pattern was 
brightly reflective suggesting fatty infiltration and/or 
cirrhosis (Fig. 4A and B). A liver biopsy confirmed an estab- 
lished mixed pattern cirrhosis with a minor degree of fatty 
deposition. 





Fic. 2a. 


Longitudinal scan showing the full length of the common 
bile duct (CBD) with an irregular heterogenous mass at its 
lower ends (arrowheads) typical of a pancreatic tumour. 





Fic. 2B. 


‘Transverse scan in the same patient showing the full extent 

of the pancreatic mass (P). Dilated ducts (D) within the liver 

and metastases (M) are also shown. K = Kidney; S= Spine; 
Ao= Aorta. 


DISCUSSION 

The value of ultrasound imaging as a tool for 
separating obstructive jaundice from other causes of 
jaundice is confirmed in our series with an accuracy 
of 97%. 

We would like to stress that in over half the 
patients a further step can be taken in making a 
definitive diagnosis by ultrasound. This compares 
favourably with the experience of other workers 
(Taylor and Rosenfield, 1977). In obstructive 
jaundice this will obviate the need for further in- 
vestigatory procedures such as PTC and ERCP 
prior to laparotomy. The commonest causes of 
obstructive jaundice are carcinoma of the pancreas 
and common bile duct stones. We were able to make 
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Fic. 3. 


Longitudinal scan showing the dilated common bile duct 
(CBD) with a calculus (C) at its lower end. ‘The acoustic 
shadowing (AS) is readily visible. 


positive diagnoses in 66°, and 58% respectively of 
these conditions. Two of the pancreatic carcinomas 
not visualized were under 3 cm in diameter, The 
key to the making of a complete diagnosis in obstruc- 
tive jaundice is the good visualization of the common 
bile duct. We have noted during this study that our 
ability to visualize the common bile duct has in- 
creased since we have adopted the technique of 
rotating the patient into the right anterior oblique 
position to obtain optimal results. For this reason we 
anticipate that our diagnostic accuracy will increase. 
The regular identification of the normal calibre 
common bile duct is more difficult. It is well recog- 
nized that in a small number of patients with ob- 
structive jaundice the common bile duct may not be 
enlarged. In our series we had one such patient (the 
third false negative) with a history of 
attacks of typical biliary colic over a six-month 


several 


period, culminating in jaundice in the last attack. 
Jaundice had been present for over two weeks when 
the ultrasound examination was done and this did 
evidence of dilated The 
presence of calculi in a non-dilated common bile 
duct was demonstrated by ERCP and these were 
later removed at laparotomy. This case emphasizes 
the point that in the presence of a clinical history of 
obstructive jaundice with biochemical findings also 
pointing to an obstructive aetiology, further diag- 
nostic studies may need to be carried out in the 
presence of a negative ultrasound examination. This 
can either be a HIDA isotope scan or the more in- 
vasive procedures of endoscopic retrograde can- 
nulation of the papilla (ERCP) or percutaneous 
transhepatic cholangiography (PTC). 

In non-obstructive jaundice the ability to make a 


not show any ducts. 


Fic. 4a. 
A longitudinal scan through the right lobe of the liver. This 
shows hepatic enlargement and a brightly reflective echo 
pattern. Compare appearances with Fig. 4B. 





Fic. 4B. 


Normal liver for comparison. 


positive diagnosis rests essentially in the detection 
of either metastases or the bright liver echo pattern 
corresponding to cirrhosis, fatty infiltration or severe 
hepatitis. In this series 23 positive diagnoses were 
made (56%). Not surprisingly all the patients with 
metastatic replacement were correctly identified. 
The overall accuracy achieved will obviously depend 
on the proportion of such cases in the series. If this 
group contained mainly cases of moderately severe 
infective hepatitis the diagnostic possibilities are 
more limited. Some of the patients with longstanding 
hepatitis showed a relatively non-reflective echo 
pattern in the liver. We have begun to recognize this 
since completion of data for this study. Its signifi- 
cance and its cause are not yet clear. We have shown 
that the non-reflective halo in the target metastasis 
is associated with sinusoidal ectasia in post mortem 
liver studies. Attention to this finding of a relatively 
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non-reflective transonic liver may help in positively 
identifying the patient with hepatitis. We are at 
present evaluating this finding more fully. 


CONCLUSION 

Ultrasound accurately categorizes jaundice into 
two main groups and should undoubtedly be the 
screening method of choice, performed as early as 
possible in the assessment of the jaundiced patient. 
In over half the patients a definitive diagnosis may 
be reached. This is of considerable importance in the 
management of the patient with obstructive jaundice. 
In these instances more invasive procedures such as 
PTC and ERCP need not be performed. Where 
appropriate, laparotomy may be proceeded to with 
no further investigatory delay. 
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Book reviews 


Recent Advances In Ultrasound Diagnosis. Edited by Asim 
Kurjak, pp. iti-+ 330, 1978 (Excerpta Medica, The Nether- 
lands), $52.25. 

This book is the Proceedings of the International Sym- 
ponio on Recent Advances in Ultrasound Diagnosis held in 

Jubrovnik in October, 1977. The book consists of photo 
copies of the précis submitted by the authors together with 
pictures which appear to have reproduced well. The contents 
vary in quality more than most books with multiple authors, 
because of the absence of any editorial alteration in the sub- 
missions. Some have quaint English and spelling. Despite 
the variations in type face, it is easily read. 

The quality of pictures from the various centres is 
remarkably wide, varying from the virtually incomprehens- 
ible to the superb examples provided by Kossoff and his 
colleagues in Australia, and one must agree with Donald in 
his introduction, who points out that “No diagnostic tech- 
nique can be better than the diagnostic ability of the 
clinician.” There seems no doubt that the important part of 
an ultrasound examination remains the operator who carries 
out the procedure and interprets the results. 

There are 39 articles in all, of which 16 are on obstetrics 
and gynaecology. The liver attracted little attention. Poor 
results are again reported in ultrasound of the breast, which 
is disappointing considering the superficial nature of the 
organ, and the wide application this examination would have 
if it were successful. Striking results are reported in the 
assessrnent of blood vessels, from Drs. White and Curry 
from Ontario, and other workers also report their ex- 
perience in this held. 

The book will be read with interest by workers developing 
ultrasound techniques. It contains a fair number of up-to- 
date references, and is recommended for the libraries of 
ultrasound departments carrying out research. 

J. G. B. RUSSELL. 


Prevention and detection of cancer. Part I: Prevention Vol. 1: 
Etiology. Edited by H. E. Nieburgs, pp. xx+-1193, illus., 
1977 (Marcel Dekker Inc., New York), Sw.Fr.190. 

This volume on the aetiology of cancer is the first of four 
which will present the contributions to the Third Inter- 
national Symposium on Detection and Prevention of Cancer 
held in New York City from April 26 to May 1, 1976. The 
preface states that the four volumes aim to ‘provide a com- 
prehensive review of our current state of knowledge on the 
role of experimental and human oncogenesis and of host and 
environmental factors for primary and secondary preven- 
tion,” constituting a ‘‘multidisciplinary approach to cancer 
control that bridges fundamental research and clinical on- 
cology.” With such ambitious aims, it is to be expected that 
the first volume devoted to the important and basic subject 
of aetiology should be lengthy and expensive. And, at about 
1200 pages and priced at over Sw.Fr.190, it is both of these. 
It is disappointing, therefore, to find that this work is not 
comprehensive and includes little that is not available else- 
where. 

The chapter on radiation is the shortest in the book with 
only three contributions. Of these, two report small series of 
radiation-related malignancies. The third paper by C. E. 
Land and D. H. McGregor deals with the induction period 
of radiation-induced malignancy. Whereas radiation- 
induced leukaemia occurs at an earlier age than the average, 
no such tendency is shown by the radiation-induced cancers 
of the lung and breast. The suggestion is made that the in- 
creased incidence of lung and breast cancer following radi- 
ation exposure depends on the additional operation of fac- 
tors similar to those that influence the development of these 
cancers in the general (non-exposed) population. 

Most of the book is devoted to laboratory work and not to 
the epidemiology of cancer in man as the title might suggest 
to many readers. 

L. KINLEN, 
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ABSTRACT 

Fifty-five sonograms were performed on 25 cases of sur- 
gically and histologically proven carcinoma of the pan- 
creas. The sonographic appearances of the tumour were 
determined. A diffuse echogenic pattern with irregular 
margin was the most common appearance. Displacement 
and indentation of the inferior vena cava and superior 
mesenteric vessels, greatly assist in localizing the tumour 
to the pancreas. A reliable prediction of tumour size and res- 
ectability cannot be determined by sonography alone. 
Sonography is helpful in assessing the response of unresec- 
table pancreatic carcinoma to therapy. A more sonolucent 
appearance of the tumour occurs following chemotherapy. 


The recent ultrasound literature contains numerous 
reports on the normal appearances of the pancreas 
(Haber et al., 1976; Weill et al., 1977; Doust and 
Pierce, 1976; Doust, 1975) the vascular anatomy of 
the upper abdomen as it relates to the pancreas 
(Sample, 1977; Filly and Carlson, 1976a, b) and the 
accuracy of ultrasonic examination in the diagnosis 
of various pancreatic conditions (Leopold, 1975; 
Weill et al., 1975). This study was undertaken to 
determine the grey-scale ultrasonic appearances of 
carcinoma of the pancreas, the displacement and 
distortion of the local anatomy, and the relative 
frequency of these manifestations, in an attempt to 
define the ultrasonic criteria leading to a diagnosis 
of carcinoma of the pancreas. 


PATIENT MATERIAL 

All sonographic abnormalities detected in the 
pancreatic area between March 1975 and June 1977 
were reviewed. A total of 25 cases with surgical and 
histological proof of pancreatic carcinoma were ob- 
tained. These form the basis of this report. There 
were 19 males and six females with the ages of the 
patients varying from 41 to 79 years. 


METHOD OF EXAMINATION 
Ultrasound scans of the abdomen were performed 
using commercially available grey-scale equipment.t 
The patients were initially examined in the supine 
position. Transverse ultrasonic scans were obtained 





*Present address: Department of Diagnostic Radiology, St. 
Thomas’ Hospital, London SE1 7EH. 
+Picker EDC Grey scale-—Searle Pho/Sonic—SM. 


covering the area from the umbilicus to the xiphoid 
process at 1 cm intervals, and sagittal scans 1 cm 
apart were performed across the same area. Angled 
subcostal scans, and prone scans to delineate the 
area of the tail of the pancreas were performed when 
necessary. A 2.25 MHz transducer with long in- 
ternal focus was routinely used, and a 3.5 MHz 
medium focused transducer was used when the 
patient’s build permitted. The paranchymal detail 
and vascular anatomy were enhanced by the use of 
the latter transducer. In some selected cases, a real 
time scanner (Advanced Diagnostic Research 
(ADR)) was employed to confirm the presence of 
indentation of the inferior vena cava. 


Anatomical boundaries of the pancreas 

Delineation of the pancreas is now possible in 
the majority of patients (Haber et al., 1976; Weill et 
al., 1977) despite the variable anatomy of the organ 
(Kreel et al., 1973). Attention to detail of the ad- 
jacent vasculature usually facilitates demonstration 
of the head and body of the pancreas (Filly and 
Carlson, 19766; Weill et al, 1975; Skolnick and 
Royal, 1976). In the transverse scans, the splenic vein 
and the superior mesenteric vessels, lying anterior to 
the aorta and vena cava, delineate the posterior as- 
spect of the head, body and tail of the pancreas. One 
or two centimetres inferior to the level of the splenic 
vein, the superior mesenteric vein lies to the right 
of the superior mesenteric artery and is slightly an- 
terior to it. The superior mesenteric vein usually lies 
anterior to the aorta (Fig. 1a), although it may lie 
in the mid-line or to the right of mid-line. Recent 
attention has been drawn to the normal common bile 
duct, and the gastroduodenal artery together with 
the duodenal loop and gastric antrum in delineating 
the anterior and lateral aspects of the pancreatic head 
(Sample, 1977). The lateral extent of the tail of the 
pancreas reaches the hilum of the left kidney. In the 
sagittal scans, the inferior surface of the liver helps 
delineate the anterior extent of the head and body of 
the pancreas. The superior extent of the head is 
marked by the portal vein and the posterior extent 
of the head by the inferior vena cava. The superior 
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FIG. 1A. 


\ normal transverse scan at the level of the junction of the 

superior mesenteric vein (SMV) and splenic vein. (P 

pancreas, SMA =superior mesenteric artery, Ao=aorta, 
IVC= inferior vena cava). 





Fic. 1B. 


Sagittal scan through the aorta (Ao) showing normal vascu- 
lar anatomy. The superior mesenteric vein (SMV) lies an- 
terior to the superior mesenteric artery (SMA). 





mesenteric vein can be visualized on the sagittal 
scan anterior to the aorta in the mid-line, and less 
commonly anterior to the vena cava. The body of the 
pancreas lies anterior to the superior mesenteric vein 
and the uncinate process of the head lies posterior to 
the superior mesenteric vein. The superior mesen- 
teric vein usually follows a parallel course in rela- 
tion to the great vessels, but may show a slight 
anterior angulation in relation to the great vessels 
(Fig. 1B). 


Size of the normal pancreas 

Various measurements have been supplied for the 
normal thickness of the pancreatic head, body and 
tail. The figures given by Haber et al. (1976) show a 
maximum upper limit of normal on transverse scans 
of 3.4 cm for the head, 2.9 cm for the body, and 2.8 
cm for the tail and correspond well with our ex- 
perience. We regard with suspicion a pancreatic head 
with a measurement of 3.5 cm or greater, a body of 
2.5 cm or greater and a tail of 3.0 cm or greater. It 
must be re-emphasized that oblique scans are neces- 
sary to assess the AP diameter of the organ fully. A 
greater variation is found in measurements of the 
cranio-caudad diameter of the pancreas due to its 
anatomic configuration, and also the fact that the 
body and tail are not as clearly defined on sagittal 
scanning. 


RESULTS 

A total of 55 ultrasonic examinations were per- 
formed on the 25 cases of surgically and histologi- 
cally proven carcinoma of the pancreas. These 55 
sonograms were analysed for the location, size and 
internal echo characteristics of the pancreatic mass. 
In addition analysis of the vascular anatomy and any 
associated distortion, as well as secondary signs of 
pancreatic neoplasm was performed. 


Analysis of the characteristics of the pancreatic mass 

1. Location. In 16 patients the pancreatic mass was 
localized to the region of the head. The mass in the 
remaining patients involved the region of the head 
and body of the five cases, the body in two cases and 
the tail in two cases. 

2. Size of the mass demonstrated. The size of the mass 
demonstrated ranged from 3 cm to 7 cm in diameter, 
with an average of 5 cm. The actual size of the car- 
cinoma at surgery and autopsy was correlated to the 
size of the mass measured sonographically. These 
figures were available in ten cases. Six cases corres- 
ponded well to the sonographic size of the lesion. In 
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the remaining four patients, two of the tumours were 
smaller and two larger than those measured sono- 
graphically. The smallest lesion was a 1 cm carci- 
noma in an apparent 4 cm tumour mass sono- 
graphically. 

The level of the mass lesions on the transverse 
scans varied from 4 cm to 16 cm superior to the um- 
bilicus. The most common level was 6-8 cm above 


the umbilicus. 





FIG. 2. 
‘Transverse scan—A carcinoma of the body of the pancreas 
(Pc) demonstrates an irregular echogenic pattern. (IVC 
inferior vena cava, Ao=aorta, SMV -=superior mesenteric 
vein). 


3. Sonographic characteristics of the tumour. The mass 
lesion identified in the 25 cases had an irregular 
margin in each case. No tumour had a completely 
smooth margin, and there was a wide range of 
definition of the tumour margin. The echogenic 
characteristics of the tumour fell into three pat- 


terns: 
Diffusely echogenic 
echoes (52% ) (Figs. 2, 3). 


with irregular, internal 


(a) 





Oblique scan of carcinoma of the head of the 
demonstrates a tumour mass with a dense central echogenic 
pattern and sonolucent periphery (arrowheads). 


pancreas 





Fic. 3 
IG. 3. 


Sagittal scan 2 cm to the right of mid-line. Diffuse echogenic 
carcinoma of the pancreas (arrowheads) is shown markely in- 
denting the inferior vena cava (IVC). (PV =portal vein). 


28 


Fic. 


n 


Sagittal scan—A sonolucent carcinoma of the head of the 
pancreas (Pc) is shown markedly indenting inferior vena 
cava (IVC). 
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Fic. 6. 


sagittal Anterior displacement of the 
mesenteric vein (SMV) by carcinoma involving 
the head and uncinate process of the pancreas (Pc) (Ao 
aorta). 


Mid-line 


superior 


scan. 





Fic. 7. 


Mid-line sagittal scan—Posterior displacement of the 
superior mesenteric vein (arrows) by a tumour involving 
the body of the pancreas (Pc) (Ao= aorta). 


(b) A central echogenic pattern with a sonolucent 
periphery (28%) (Fig. 4). 

* (c) Almost completely transonic with few internal 

echoes (20°) (Fig. 5). 





Fic. 8. 


‘Transverse scan—Displacement to the left of the superior 


mesenteric vein (SMV) and superior mesenteric artery 
(SMA) by tumour involving the body and head of the pan- 
creas (Pc). (Ao=aorta, [VC=inferior vena cava). 


Acoustic attentuation or enhancement by the 
tumour was not a significant feature in any of these 
examinations. 


Analysis of the vessels 

(a) Inferior vena cava. Compression of the inferior 
vena cava was seen in eight of 16 patients with 
carcinoma localized to the region of the head 
(Figs. 3, 5), and in two cases with the mass lesion 
occupying the head and body of the pancreas, a 
total of ten cases (40% ). -The presence of constant 
indentation was confirmed by visualizing the vena 
cava in all phases of respiration, and with the 
patient performing the Valsalva manoeuvre. It 
was also studied by utilization of a real time scan- 
ner in some cases. 

(b) Superior mesenteric vessels. Angulation of the 
superior mesenteric vein on the sagittal scan in 
either an anterior (Fig. 6) or posterior (Fig. 7) 
direction was demonstrated in six cases (24%). 
The posteriorly displaced SMV should be dis- 
tinguished from a dilated common bile duct. This 
was accomplished by (i) noting extension of the 
vessel beneath the caudal margin of the pancreatic 
mass. A dilated common bile duct extended down- 
ward from above the portal vein but terminated in 
the pancreatic mass (ii) establishing the connec- 
tion of the superior mesenteric vein to the portal 
vein. 
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Fic. 9. 
Transverse scan—Displacement to the right of the superior 
mesenteric vein (SMV) by a pancreatic tumour (Pc) in- 
volving the body of the pancreas (IVC =inferior vena cava, 
Ao=aorta). 


Fic. 10a. 
Sagittal mid-line section showing markedly dilated pan- 
creatic duct (DPD). (Sv=splenic vein, SMV -=superior 
mesenteric vein, CA=coeliac axis, L =liver). 


Displacement of the superior mesenteric vein 
and artery may also be observed in the transverse 
scans. This was noted in seven cases (28%) mainly 
due to displacement of the superior mesenteric 
vessels to the left by a mass lesion involving the 
head (Figs. 2, 8), although displacement to the 
right may occur (Fig. 9). 

(c) Portal and splenic veins. In three cases of carci- 
noma of the head, and in two cases of carcinoma 
of the head and body there was dilation of the 
splenic and portal veins. The operative reports in 
these five patients indicated extensive infiltration 
of the carcinoma into the adjacent vascular 
structures. 





Fic. 10s. 
Transverse section showing markedly dilated pancreatic 
duct (DPD) (SV =splenic vein). 


Analysis of the secondary signs of carcinoma of the 

pancreas 

(a) Biliary obstruction. Biliary obstruction as demon- 
strated by gall-bladder distention and delineation 
of a dilated common bile duct and/or dilated 
intrahepatic biliary ducts, was seen in ten patients 
(48%). In all of these cases the carcinoma in- 


(b) Liver metastases. Metastatic deposits in the liver 
were demonstrated in three cases initially. ‘The 


volved the head, or the head and body of the 
pancreas. However, six patients had a by-pass 
operation prior to attending the oncology clinic, 
giving a total of 80°% of patients who presented 
initially with obstructive jaundice with a carci- 
noma involving this area of the pancreas. 


285 


carcinoma in these cases involved the head or the 
head and body of the pancreas. Another six cases 
developed sonographically demonstrable meta- 
static involvement during follow-up. 


(c) Ascites. Moderate to marked degree of ascites 


was demonstrated in three cases of carcinoma. In 
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two cases the carcinoma involved the head and 
body and in one case the tail of the pancreas. 

(d) Pancreatic duct dilation. No definite sono- 
graphic evidence of pancreatic duct dilation was 
demonstrable in this series. However, the majority 
of cases were performed with the first generation 

“ grey-scale equipment. More recent experience 
with second-generation equipment has enabled us 
to demonstrate this feature in association with 
malignancy involving the pancreatic head (Fig. 
10a and B). 


Progress of the tumour mass 

Due to the limited survival time of the patients, 
most cases had only one or two follow-up sono- 
grams. However, three cases survived for eight 
months, 18 months, and two years respectively. 
Analysis of the sonographic characteristics of the 
tumour on follow-up showed an initially echogenic 
lesion which became more sonolucent, with a vary- 
ing degree of central echogenicity, One patient 
(eight month survival) showed no resolution of the 
turnour mass and is now deceased. The other two 
patients, one with a histological diagnosis of a well 
differentiated adenocarcinoma, and the other with a 
histological diagnosis of an islet cell carcinoma are 
still alive and have shown sonographic resolution of 
the tumour mass, one proven by surgery. Therapy in 
these cases was a combination of external irradiation, 
§-fluorouracil (5 FU) and bischloroethyl nitro- 
sourea (BCNU) in divided doses. A review of the 
other limited follow-ups indicates that a sonolucent 
appearance is more common in association with 
therapy. 


Discussion 

The vascular anatomy in the region of the pan- 
creatic head is now well accepted as delineating the 
upper and posterior borders of the pancreas. The 
lateral margin of the pancreatic head and upper 
border of the pancreas are also delineated by the 
gastric antrum and the duodenal loop (Sample, 
1977). The duodenal loop separates the pan- 
creatic head from the liver margin and may present a 
variable appearance depending on whether it is 
slightly distended with fluid, or whether it contains 
gas, in which case delineation of the area of the head 
is very difficult. Confusing echoes may arise from 
the partially distended duodenal loop in this area. 
The third part of the duodenum may also be identi- 
fied posterior to the superior mesenteric vessels 
where it contributes to the densely echogenic area 
between these vessels and the aorta and vena cava. 

A prominent caudate or quadrate lobe of the liver 


may cause some confusion with regard to a possible 
mass in the head of the pancreas. Features which 
assist in differentiating these from a tumour mass are 
the demonstration of a similar echo pattern to that 
of the liver, continuity with the liver and the lack of 
vascular displacement. 

The normal pancreas appears to be characterized 
by a more echogenic and less discrete echo pattern 
than the hepatic parenchyma (Haber et al., 1976). 
This feature does not vary significantly with age, 
although it is better demonstrated in the younger- 
more asthenic patient. It serves to identify the pan- 
creas from the more dense echogenic surrounding 
structures such as the gastric antrum, the duodenal 
loop, the third part of the duodenum and the peri- 
vascular connective tissue. 

Two normal intrahepatic structures may be mis- 
taken for metastases: (1) The ligaméntum teres may 
be visualized on transverse scans as a well defined 
densely echogenic area between the left and. right 
lobes of the liver (Fig. 11a). This cannot be demon- 
strated on sagittal scans; its position and well defined 
appearance serve in distinguishing it from a meta- 
static lesion in the liver. (2) A further dense echo 
may also be seen in this area due to the peri- 
vascular connective tissue surrounding the left 
branch of the portal vein (Fig. 11s). This can be 
distinguished from metastatic involvement by 
demonstrating its relationship to the branches of the 
portal vein. 

Indentation of the inferior vena cava (Walls and 
Templeton, 1977), was the most common vascular 
distortion noted in this series. In addition, anterior 
displacement of the superior mesenteric vein may 
indicate a mass involving the head and uncinate 
process, and posterior displacement of the superior 
mesenteric vein may indicate a mass involving the 
head and body. Crowding of the superior mesenteric 
vessels, as well as distortion of the normal relation- 
ship between the superior mesenteric artery and the 
superior mesenteric vein may help in confirming the 
presence of a mass in the pancreas. 

No attempt was made in this retrospective study 
to calculate the accuracy of ultrasonic diagnosis of 
pancreatic carcinoma. A review of the material in- 
volved does indicate a high degree of accuracy in 
identifying a mass lesion when the pancreas was 
adequately visualized. 

Pancreatitis localized to one area of the organ still 
remains difficult to differentiate from carcinoma, 
especially in view of the fact that the two entities 
may coexist (Doust ef al., 1975; Leopold, 1975). The 
cases with chronic pancreatitis presenting as a 
localized mass lesion tend to show a more sonolucent 
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appearance and a coarser echogenic pattern than that 
encountered with pancreatic carcinoma (Fig. 12). 
In addition, dense echogenic areas may be present, 
indicating areas of fat necrosis and calcification, both 
in the mass and remainder of the gland. However, 
the appearance of a dense central echo pattern is 
highly suspicious of an underlying carcinoma, the 


ae 
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Fic. 114. 


Normal transverse sonogram of the liver shows a dense 
echogenic area in the left lobe due to the ligamentum teres 
(LT). 





Fic. 11B. 


Transverse scan of the liver at the level of the portal vein. A 
dense echogenic area due to the perivascular connective 
tissues surrounding the left branch of the portal vein 
(LBPV) is seen. (RBPV=right branch of the portal vein, 
Ao=aorta, IVC =inferior vena cava). 







surrounding sonolucency presumably being due to 
associated oedema and inflammatory change. The 
duodenal loop may occasionally simulate this ap- 
pearance, but is found to be an inconstant feature on 
repeat scanning. Correlation of the findings with 
those of clinical and laboratory investigations, as well 
as arteriography and endoscopic pancreatography 
enable diagnostic differentiation in these cases. 

The association of a pseudo cyst with a mass lesion 
within the pancreas is indicative of pancreatitis. 
However, in rare cases it may also be associated with 
an underlying carcinoma and associated pancreatitis. 

The carcinoma at surgery and autopsy may prove 
smaller than that indicated sonographically. This 
feature is not particularly surprising in view of the 
normal dimensions of the gland. A tumour of 2 to 3 
cm size can be expected to displace the adjacent 
parenchyma as well as invade it and present as an 
apparent 4 to 5 cm mass lesion. In addition, autopsy 
findings on those cases where a discrepancy in size 
was present demonstrated associated pancreatitis 
contributing to the overall size of the mass evaluated 
sonographically. The greatest discrepancy was in a | 
cm tumour which presented as an apparent 4 cm 
mass. These observations indicate that sonography 
cannot be expected to give a realiable prediction as 
to resectability and arteriography and ERCP are in- 
dicated where resection of the tumour is considered 
(Ariyama et al., 1977). 

However, it is debatable if resection of the tumour 
alone increases patient survival. There is increasing 





Fic. 12. 


Pancreatitis involving head of pancreas (closed arrows). 


(L=liver, SMV=superior mesenteric vein, [VC 


vena cava, Ao=aorta). 
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evidence that aggressive chemotherapy and radio- 
therapy increases the survival rate in cases of pan- 
creatie carcinoma following palliative surgery (Lem- 
mon èt al, 1973). 

‘The high accuracy of ultrasound in assessing the 
pancreatic area makes this the initial screening 
modality of choice, although the full impact of CT 
scanning, where available, has yet to be determined. 
The features which aid in establishing the diagnosis 
of pancreatic carcinoma are (a) the presence of a 
homogenous mass in the pancreas with an irregular 
margin and either a diffuse uniform echo pattern, or 
a more sonolucent appearance with a tendency to 
central echo clustering and (b) displacement of the 
adjacent vasculature. In more advanced cases the 
secondary signs such as obstruction of the biliary 
tract, metastasis to the liver and ascites aid in 
establishing the diagnosis. On follow-up examin- 
ation where it has not been possible to remove the 
pancreatic carcinoma, a more sonolucent appearance 
of the tumour may be expected in relation to surgical 
intervention and therapy. 
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ABSTRACT 

Ascending contrast venography often fails to show the 
proximal venous system when there is co-existing occlusion 
of femoral or iliac veins. Retrograde and pertrochanteric 
venography both have severe limitations in terms of in- 
vasiveness and reliability. Radionuclide venography (RNV) 
is suggested as a less invasive alternative. 100 patients were 
investigated by both RNV and X-ray contrast venography 
(XRV). There was a 72% overall correlation between the 
two methods of investigation. The proximal definition of 
XRV was limited in those cases with femoral obstruction. 
RNV, however gave progressively better views as imaging 
became more proximal and this was accentuated in the 
presence of femoral or iliac occlusion. RNV is simple and 
easy to perform and less invasive than XRV. The definition 
at calf level is such that it cannot at this stage replace XRV 
as the standard diagnostic procedure. However, in patients 
with proximal occlusions it gives more reliable information 
than that obtainable by ascending contrast venography. 


Nine years after its introduction (Webber et al., 
1969) radionuclide venography (RNV) is still at the 
stage of assessment. Its precise role in the diagnosis 
of thromboembolic disease has yet to be established. 
This study was undertaken to answer two questions: 
does RNV provide a simple method of assessment of 
the proximal deep vein system, especially when 
femoral or iliac occlusion is present, and is RNV a 
workable alternative to X-ray contrast venography 
(XRV) for general diagnostic use? 


PATIENTS AND METHODS 
The patients studied were referred for venography 
and isotope lung scanning and comprised the follow- 
ing groups. 

Group I. Patients with acute symptoms or signs sug- 
gestive of thromboembolism or a positive fibrino- 
gen uptake test (FUT). 

Group II. Patients undergoing reassessment after 
one week’s heparin treatment for deep vein 
thrombosis (DVT). 

Group III. Patients undergoing reassessment after 
three months treatment for deep vein thrombosis. 

Group IV. Patients without DVT undergoing 
venographic evaluation prior to varicose vein 
surgery. 

Group V. Patients referred specifically for evaluation 
of the proximal deep venous system before, during 
and after thrombolytic therapy. 


Radionuclide venography (RNV) 

The patients were examined supine on a mobile 
horizontal imaging table. Two specially designed 
2.5 cm diameter pneumatic cuffs (Millard-London) 
were applied to each leg, one just above the ankle 
and the other just above the knee, and connected to 
a bellows and pressure gauge. A ®°Co spot marker 
was placed in the midline between the legs at the 
level of the upper border of the patella, another just 
below the symphysis pubis and a third at the um- 
bilicus. Imaging was carried out using a y-camera 
fitted with a diverging collimator. It was found help- 
ful to have a persistence oscilloscope linked to the 
camera to provide a continuous visual display of the 
progress of the radionuclide. The pneumatic cuffs 
were inflated to 100-150 mm Hg and a 21 or 23 
gauge butterfly needle inserted into a dorsal foot 
vein on each side. A three-way stop-cock was con- 
nected to permit injection of radionuclide followed 
by a saline flush. The system was tested with saline 
at the beginning of each examination. The patient 
was then positioned for imaging of the calves, with the 
60Co marker between the patellae at the top of the 
field of view. 

One mCi of 9°Tc™-macro-aggregated albumin 
(MAA) was injected into each foot, followed by 
approximately 20 ml saline flush. Imaging com- 
menced and the passage of the radionuclide into the 
deep veins of the calf was followed on the persistence 
oscilloscope and recorded on Polaroid film. If 
necessary each calf was gently compressed once to 
fill the popliteal vein. If poor calf filling was ob- 
served, additional saline was injected. Imaging was 
complete when 50,000 counts had been accumulated 
(approximately 30 seconds, intensity 570 units). 
With the cuffs still inflated, the table was moved to 
position the patient’s thighs in the field of the camera 
so that both ®°Co spot markers were in view at 
opposite ends of the field. Images were obtained of 
the femoral veins after a further injection into each 
foot of 1 mCi MAA, and 30,000 counts accumulated 
(approximately 60 seconds, intensity 600 units). 
Finally the patient was positioned with the camera 
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over the pelvis and lower abdomen. The cuffs were 
released and with a further 10 ml of saline flush and 
active ankle exercising, images of the iliac veins and 
inferior vena cava were obtained, accumulating 
30,000 counts (approximately three minutes, in- 
tensity 600 units). Exercise continued until 30 dorsi- 
flexions of the ankles had been performed. At this 
stage a persistence film of the calf region was ob- 
tained (exposure exactly one minute, intensity 600 
units) followed by similar films of the thighs and 
pelvis at the same setting. 

The time taken for RNV was 15 minutes with an 
additional 15 minutes if a lung scan was required 
also. Results were available immediately on Polaroid 
film. 


X-ray contrast venography (XRV) 

The technique of venography used has already 
been described elsewhere (Kakkar, 1972). Patients 
were examined on a horizontal table. Tourniquets 
2.5 cm wide connected to a pressure gauge and 
bellows (Millard, London) were placed just above 
each ankle and knee. The pressure in the ankle 
tourniquet was adjusted to 100 mm Hg and that in 
the proximal one to 150 to 250 mm Hg depending on 
the diameter of the thigh. A 21 or 23 gauge butterfly 
needle was inserted into a dorsal foot vein each side, 
secured with adhesive tape, and a trial injection of 
5 ml heparinized saline (10 iu/ml) made. A vein on 
the dorsum of the first toe was selected where poss- 
ible, although any vein on the dorsum of the foot 
will suffice and in rare cases use is made of the long 
saphenous vein just anterior to the medial malleolus. 
Under X-ray screening control, 25 ml of pre-warmed 
60°, meglumine iothalamate (Conray 280) was in- 
jected slowly. Three standard calf pictures were ob- 
tained in anteroposterior, internally rotated and 
externally rotated positions. The calf was then 
gently compressed once to fill the popliteal vein and 
films obtained of this region. A further 10 ml of 
contrast was injected and the femoral vein filled by 
gentle calf pressure and a film exposed. Finally, a 
further 15 ml of contrast was injected. The proximal 
tourniquet was released and calf pressure applied to 
fill the iliac veins and inferior vena cava. Immedi- 
ately after the final film any residual contrast medium 
was flushed out of the deep veins by the injection of 
100 ml of heparinized saline (10 units/ml) and active 
leg movements. 


RESULTS 
An immediate assessment of each test was made 
and recorded in the patient's case folder. Sub- 


sequently all films were reviewed in the absence of 
clinical details. 

A positive XRV was defined as a filling defect, 
present on at least two films, or an area of non-filling 
with collateral circulation. 

A positive RNV was defined as an area of de- 
creased radioactivity (filling defect) with or without 
collateral circulation; stasis of radioactivity below 
an obstruction or persistence of radioactivity after 
exercise (Fig. 1). 

A total of 104 patients (208 limbs) were examined. 
Four patients were excluded from analysis-~-two 
because XRV was omitted and two because RNV 
had to be abandoned for technical reasons. All the 
remaining 100 had both XRV and RNV performed 
on the same day. One third had RNV prior to XRV 
and two thirds had XRV first. 


Correlation 

The results are shown in Table I. There was an 
overall correlation between RNV and XRV of 
71.5%, with 16% false positive and 12.5%, false 
negative results from RNV. 

In the calf, there was a correlation of 69°, with 
16%, false positive and 15% false negative results. 

In the thigh, there was a correlation of 96%, with 
1% false positive and 3% false negative results. 

In the pelvis, there was 100° correlation—al- 
though XRV was often unsatisfactory above the 
external iliac veins. 


Group I—the acute situation (Table I) 
In the acute situation RNV detected 28 out of 38 
DVT’s (73.7%) with 8.6°% false negative and 19.8% 


TABLE I 
THE CORRELATION BETWEEN RNV anp XRV 
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TABLE II 
THE RELATIONSHIP BETWEEN RNV RESULTS AND AGE OF 
THROMBUS 
i 
| DVT Detection ( %4) Persistence { %4) 
Acute - 73.7 50.5 
1 week 86.7 $7.1 
3 months 39.1 17.4 
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Fic. 1. 
Radionuclide venogram. (a)Dynamic phase. There is a filling defect within the right calf. The remainder of the right side 
and whole of the left side is normal. (B) Static phase. There is persistence of radionuclide in the right calf distal to the filling 
defect. 
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false positive results. Persistence of radionuclide 
after exercise (hot spot) was seen in 19 out of 38 
(50% ) of those with thrombi. 


Fibrinogen uptake test (FUT) (Table III) 

Thirteen limbs in which the FUT had become 
positive postoperatively were examined. Thrombus 
was demonstrated in the deep veins in nine, of which 


TABLE III 


POSITIVE FIBRINOGEN UPTAKE Test (FUT)—CORRELATION 
BETWEEN RNV anp XRV 


five had positive RNV. In the remaining four limbs 
with negative XRV, RNV was positive in three due 
to persistence of radionuclide in superficial veins. 


Extent of thrombus (‘Table IV) 

RNV detected seven out of 13 (53.8%) minor 
thrombi in the calf (defined as those present in 
soleal veins alone, or in tibial veins but less than 5 cm 
in overall length). Persistence occurred in five 
(38.5%). 


TABLE IV 
THE RELATIONSHIP BETWEEN RNV RESULT AND EXTENT OF 
THROMBUS 




















| XRV DVT Detection (%) | Persistence (%) 
"Thrombus present | Thrombus absent Minor salt 53.8 38.5 

| a 4g Mejor calf 80 60.0 | 

| RNV RR i i 5 ial 3 Femoral 92.0 à 50.0 

| RNV negative | 4 Pe go Iiac 100.0 = 
































Fic. 2. 


X-Ray contrast venogram, There is occlusion of the femoral vein which is replaced by collaterals. 'There is no filling of the 
more proximal deep venous system. 
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Fic. 3. 
Radionuclide venogram (same patient as Fig. 2). (A) Dynamic phase. The whole deep venous system on the left is replaced 
by collaterals. The right side appears normal. (B) Static phase. A little radionuclide persists in superficial veins of the right 
calf only. 
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B 
FIG. 4. 
Radionuclide venogram before thrombolytic therapy. (A) Dynamic phase. The deep venous system on the left side is totally 
occluded up to the inferior vena cava with pooling of isotope in collateral circulation. The right side appears normal. 
* (B) Static phase. Radionuclide has cleared from the normal right side, but there is persistence on the left up to the level of 


the common iliac vein. 
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Fic. 5. 
Radionuclide venogram after three days thrombolytic therapy. (A) Dynamic phase. The left femoral vein is now partially 


open; radionuclide is trapped distal to the common iliac vein and reaches the inferior vena cava via a collateral. (B) Static 
phase. Radionuclide persists on the left in the upper femoral and external iliac veins. 
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FIG. 6. 
Radionuclide venogram after five days thrombolytic therapy. (A) Dynamic phase. The major veins now appear normal 
licating lysis of all thrombus. (B) Static phase. There is now no abnormal persistence of radionuclide. 
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Fic. 7. 
(a) Retrograde cavagram. Examination performed during 
pulmonary angiography by passage of catheter into left 
common iliac vein from above. Appearances suggestive of 
inferior vena cava (IVC) occlusion. (B) Radionuclide veno- 
gram. The IVC appears normal. (c) Ascending cavagram 
confirms normal IVC. 
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FIG. 8. 
Intraosseous venogram. There is apparent filling defect at the lower end of the inferior vena cava. The lumbar veins also fill. 
(B) Per femoral venogram (same patient as 8A). The iliac veins and inferior vena cava are shown to be normal. 


RNV detected larger calf thrombi (those in tibial 
veins and greater than 5 cm in length) in 20 out of 
25 cases (80°). Persistence was noted in 15 (60%). 

In the femoral region, 12 out of 13 (92%) thrombi 
were detected by RNV (Figs.2 and 3). The one case 
where RNV failed was that of a 5 cm non-occlusive 
thrombus localized to the lower femoral vein, with 
normal deep veins above and below it. 


Group II 
(Table II) 

This group excludes any minor calf thrombi, as 
these are not treated with heparin. RNV detected 12 
out of 14 (86.7%) thrombi; persistence was noted in 
eight (57.1%). 


after seven days heparin treatment 


Group I11—after three months treatment with 
warfarin (‘Table II) 

RNV detected nine out of 23 (39.1%) thrombi; 
persistence was noted in four (17.4%). 


Group IV —patients without DVT being assessed prior 
to varicose-vein surgery 

RNV was falsely positive in five out of 16 (31 2%) 
due to persistence of isotope in superficial veins. 





Group V—the proximal deep venous system 

Sixteen patients with proximal occlusions were 
studied specifically to assess the iliac veins and in- 
ferior vena cava. RNV gave a clearer outline of the 
iliac veins and lower cava than XRV but the test 
was especially useful for monitoring the progress of 
patients undergoing thrombolytic therapy (see 
Figs. 4, 5 and 6) and clarifying confusing X-ray ap- 
pearances in the inferior vena cava (see Figs. 7A, 
B, C). 


DISCUSSION 
In patients with complete occlusion of the proxi- 
mal femoral vein, ascending contrast venography 
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(XRV) often fails to give adequate information about 
the patency of the iliac veins and the presence or ab- 
sence of fresh thrombus (Fig. 2). This is of great 
importance in the assessment of the efficacy of 
treatment of these thrombi and in the determination 
of the length of treatment with thrombolytic 
therapy. 

There are three main alternative forms of in- 
vestigation in common use, applicable to this situ- 
ation. The per-femoral “Seldinger” venogram, the 
trans-trochanteric venogram and the retrograde 
venogram, performed via direct jugular puncture. 

The per-femoral venogram has the obvious dis- 
advantage of being invasive and is particularly 
dangerous in those cases where partially attached 
femoral thrombus may be dislodged by the pro- 
cedure. It suffers from the added drawback that 
direct femoral puncture is not possible when there is 
total occlusion of the lumen by thrombus. 

The trans-trochanteric approach has been ad- 
vocated (Lea Thomas and Fletcher, 1967) but is in- 
vasive and requires the administration of a general 
anaesthetic. Considerable difficulties in interpreta- 
tion may also be encountered (Figs. 8a and B). The 
retrograde approach via the jugular vein is well 
known and may easily be performed at the same time 
as pulmonary angiography. However it is also in- 
vasive and, as with the trans-trochanteric method, 
liable to misinterpretation (Fig. 7A, B, and C). 

There is therefore a need for a simple, non- 
invasive method of assessing the deep venous system 
proximal to an occlusion. Radionuclide venography 
(RNV) appears to fulfil most of these criteria. First 
described in 1969 by Webber, RNV has undergone 
preliminary evaluation in several centres, The initial 
results have been encouraging but it has not yet 
become accepted as a routine diagnostic procedure. 
The purpose of this study was to establish its value 
as an addition to XRV in proximal venous occlusion 
and so evaluate its role in clinical practice by direct 
comparison with XRV. 

RNV was found to be a useful addition to XRV in 
the upper thigh and pelvis. In 11 of 16 patients with 
occlusion of the femoral or iliac veins (or both), con- 
ventional ascending venography (XRV) failed to 
demonstrate the deep venous system proximal to the 
occlusion, because it was not possible to obtain an 
adequate concentration of contrast medium in these 
veins. RNV however suffered from no such dis- 
advantage, as when the passage of radionuclide was 
slowed or diluted due to occlusion or collateral cir- 
culation even better y-camera images were pro- 
duced than those obtained when the radionuclide 
was more rapidly traversing normal veins. In the 


presence of occlusion RNV gave pelvic venous 
images not obtainable with XRV. 

The overall correlation between RNV and XRV 
was 72°. Most of the discrepancy was due to poor 
correlation in the calf, especially with minor throm- 
bi, and the occurrence of false positive results in 
almost one fifth of cases. However, when only those 
calf thrombi requiring treatment (those greater than 
5 cm in length in the tibial veins) are considered, 
RNV detects 80%. In the femoral region, only one 
thrombus was missed, giving a correlation of 
92%. 

The basic mechanism of action of RNV has been 
the subject of considerable debate. The initial studies 
(Webber et al., 1969) demonstrated uptake of isotope 
in the region of thrombophlebitis in the arm sug- 
gesting that MAA or microspheres directly labelled 
thrombus. This hypothesis was supported by zm 
vitro studies (Webber et al., 1974) demonstrating 
adherence of MAA to blood clots. These findings 
were further corroborated by reports of abolition of 
persistence of isotope by heparin (Hayt et al., 1977). 
Later, good correlation between hot spots and 
“tagged” thrombi was reported in the clinical 
situation (Henkin et al., 1974) and adherence to 
presumed endothelial damage at the site of femoral 
vein puncture demonstrated (Vlahos et al, 1976). 
However, it has now been suggested, following in 
vitro studies, animal experiments and observations 
on humans, that persistence of radionuclide is more 
a result of venous stasis distal to an acute occlusion 
than true adherence to thrombus (Ryo ef al, 
1976). 

We have investigated this phenomenon in patients 
with incompetent perforating veins but no evidence 
of DVT (group IV) and also in those with throm- 
bosis, comparing the radionuclide scans obtained 
immediately before treatment (group I), after seven 
days heparin therapy (group IJ), and after three 
months oral anticoagulation (group HI). 

Persistence was seen in 50% of group I, 57% of 
group II, 17.4% of group HI and 31.2% of group 
IV. Persistence usually occurred distal to the area of 
thrombus, suggesting a mechanical obstruction as 
the cause of the accumulation of radionuclide rather 
than adherence to thrombus. This was further borne 
out by the presence of persistence in group H (after a 
week’s continuous heparin treatment) and especially 
in group IV in whom incompetent perforating veins 
were known to be present in the absence of throm- 
bosis. We conclude therefore that there is no 
evidence that 99°Tc™ MAA directly and consistently 
labels thrombus. It is interesting to note that in 
three out of the four cases where XRV was normal in 
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the presence of a positive FUT, RNV showed per- 
sistence in the superficial veins (Table IH), sug- 
gesting that radionuclide had accumulated distal to 
areas of superficial thrombosis. It is accepted that in 
up to one fifth of patients developing a positive FUT, 
no thrombus is demonstrable in the deep veins on 
contrast venography (Gallus, 1975). In these cases it 
is assumed that either subintimal fibrin deposition 
has occurred or thrombus has undergone rapid spon- 
taneous lysis or that thrombus is in the superficial 
veins alone. 

There is no ideal investigation for the diagnosis 
of acute DVT. The clinical features of this condition 
are notoriously confusing, with an accuracy of only 
30%, when based on clinical examination alone 
(Lambie et al., 1970), and contrast venography re- 
mains the established diagnostic standard against 
which all other investigations must be compared. 
XRY is accurate and safe in the hands of those per- 
forming it regularly; however, it is invasive (Thomas, 
1972) and there is a variable degree of discomfort for 
the patient together with a relatively high overall 
cost. Iodine sensitivity reactions may occur and the 
large hyperosmotic intravenous fluid load is un- 
desirable in those patients with compromised cardiac 
function, although 60°, W/V contrast media 
(1480m osmol/l) give less complications than the 
stronger solutions (Malins, 1978). The alternative 
less invasive diagnostic procedures in common use 
are the fibrinogen uptake test, Doppler ultrasound 
method and impedance phlebography. The former 
(Kakkar, 1977) is well suited to the screening of 
operative patients but requires at least 24 hours 
before results are available, precluding its use as an 
urgent diagnostic method. In addition, it fails to give 
information about the deep venous system proximal 
to the inguinal ligaments (Browse, 1972), or to in- 
dicate the morphological extent of a thrombosis. 

The Doppler ultrasound technique (Milne et al., 
1971) detects only complete occlusions of the major 
veins and must be regarded as a crude screening test 
for massive thrombi. The impedance plethysmo- 
graph shows promise as a useful screening test 
(Strandness and Sumner, 1972), but even if accurate 
will only serve to indicate those patients requiring 
contrast venography. 

RNY is certainly less invasive than conventional 
venography. Little expertise is necessary, and apart 
from the insertion of a fine needle into a dorsal vein 
of each foot the investigation may be performed by 
non-medical personnel, ‘The additional information 
obtained by the simple change of site of injection of 
radionuclide from arm vein to dorsal foot vein sug- 
gests that RNV should be adopted in patients with 


suspected thrombo-embolism undergoing lung scinti- 
graphy. The radiation dose from RNV appears to be 
very much less than that received during XRV. The 
dose to the lung from RNV is 1.2 rad (ICRP 17, 
1969) with an estimated fetal dpse in a pregnant 
woman of 0.025 rad. The skin dose during XRV is 6 
rad for the two abdominal films alone, with an 
estimated fetal dose of 1.2 rad. It would seem that, 
with its specificity for the major veins of the pelvis, 
RNY should be well suited for use in suspected 
thrombo-embolism of pregnancy. 


CONCLUSION 

At the present stage of development, RNV will not 
replace XRV as the standard diagnostic procedure in 
suspected thrombo-embolism apart from those 
centres with scanning facilities where XRV is not 
available. However, RNV is a useful addition to 
XRV in those patients with occlusions of the 
major veins where conventional venography is 
difficult and at times confusing, and it appears to be 
the method of choice for monitoring the progress of 
patients on thrombolytic therapy for major venous 
thrombosis. 
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Book reviews 


Positioning and Technique Handbook for Radiologic Tech- 
nologists. By S. B. Conte and D. H. Kemme, pp. xiii -+-259-} 
Index, 1978 (C. V. Mosby Co., St. Louis; distributed in UK 
by Henry Kimpton Publishers, London), £715. 

ISBN 0-8016-1031~-1, 

Written by two technologists this pocket size paper-back 
book is a simple elementary introduction into basic radio- 
graphic techniques. The authors in their preface write 
“‘basic text books serve to introduce the essential knowledge 
required for quality performance, but more definite ref- 
erence works must be accessible to provide the detailed 
information that exceeds the purpose of the text book”. 
The book makes no pretentions to be any more than an 
introduction into its subject. 

In its 265 pages the book is divided into 13 sections, each 
one concerned with the radiographic positioning of a 
particular system, or anatomical region. Sections 1 to 8 deal 
with the bony skeleton, and 9 to 12 with myelography, the 
digestive and urinary systems, and mammography. The 
final section has 46 pages under the title of positioning of 
cerebral, cranial and facial bones. 

The format is interesting in that each page is perforated 
and punched to enable the reader to remove pages or 
sections and insert them in a binder. Each position is 
demonstrated by an appropriate photograph and this visual 
presentation is the book’s main strength, although the 
reviewer found the variety of facial expressions of the model 
a detraction. The use of personalized views with their 
descriptive projections is a feature of the text. The few 
radiographs reproduced are restricted to the digestive 
system and some contrast media examinations. 

There are some photographic errors in positioning and 
centring particularly with extremity radiography which are 
not clarified in the text, as are the subject—cassette pos- 
itioning errors on pages 90 and 226. On page 114 two of the 
three photograph captions are incorrect, and on page 190 
the anterior oblique view is confused with posterior oblique 
projection. 

Easily read, this interesting book provides an introduction 
into simple radiographic positioning. Its attraction is the 
space provided after each projection is described and 
illustrated for the reader to enter his own notes and com- 
ments, and thus build up a personal radiographic technique 
notebook. 

P. J. RICHARDSON. 
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British Journal of Radiology, 49, 840-851. 

Wesser, M. M., Bennett, L. R., Cracin, M. and Wess, R., 
1969. Thrombophlebitis—demonstration by scimiti- 
scanning. Radiology, 92, 620-623. 

Wesser, M. M., PoLrak, E. W. and Vicrery, W. K., 1974. 
Thrombosis detection by radionuclide particle (MAA) en- 
trapment: correlation with fibrinogen uptake and ven- 
ography. Radiology, 111, 645-648. 


Bone tumors, General Aspects and Data on 6221 Cases (3rd 
edition). By D. C. Dahlin, pp. xii+-445, illus., 1978 (Charles 
C. Thomas, Springfield, Ilinois, U.S.A.), $32.75, 

Bone tumours are notoriously perplexing lesions and 
continue to present commanding problems in both diagnosis 
and management. The wide variety of described entities and 
the rarity of some serve to compound the difficulties. It is 
therefore of immense help when an internationally recog- 
nized authority on the pathology of these tumours allows us 
to share his accumulated experience. Dahlin first presented 
his personal experience of more than 2000 consecutive 
unselected cases in text book form in 1957. The present, 
third edition, now encompasses 6221 cases. 

The classification which is a modified version of that 
propounded by Lichtenstein, is now generally accepted. 
The details are presented in a clear didactic style which, at 
the same time acknowledges areas of difficulty and dispute. 
These are highlighted in carefully selected prose including, 
for example, “a practical working definition is to regard as 
Ewing’s tumours those highly anaplastic, small round to 
oval cell sarcomas that have the clinical and roentgenogra- 
phic characteristics of a primary osseous lesion”. 

There are invaluable histograms in each chapter depicting 
the age distribution and sites of occurrence of each tumour. 
The illustrations of histology are in black and white but are 
clear and readily comprehensible to the non-pathologist. 

This volume is in no sense a treatise on the radiological 
investigation and appearances of bone tumours. The Author 
naturally holds the view that histology and cytology must be 
the final arbiter in diagnosis and the radiological content of 
the book is essentially limited to these features which are 
obvious to an experienced histopathologist. The illustrations 
of radiographs are uniformly poor and there is no mention of 
the role of more sophisticated radiological investigations. 

Fundamental to any consideration of bone tumours is an 
accepted classification with specific definitions. ‘These are 
presented in such a lucid way in this book that it is virtually 
obligatory reading for all radiologists who see or may see 
bone tumours. It should be perused by students preparing 
for Fellowship. As it is remarkably cheap, it should be 
acquired immediately for inclusion in the libraries of all 
working departments and teaching units. 

Joun ROYLANCE. 
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successful translational technique achieved by modification 
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ABSTRACT 

A translational technique, adapting an established MEL 
SL75/10 linear accelerator, which gives a satisfactory physi- 
cal and clinical 3 MeV whole-body electron treatment in 
mycosis fungoides is described. Tolerance of the patients 
proved excellent and 16 out of 21 achieved satisfactory 
remission of the disease. In spite of delivering significant 
skin doses it was possible to re-treat two relapsing patients 
without complications and with clinical success. 


Mycosis fungoides, in its generalized forms, presents 
a difficult management problem. The clinical sub- 
stantiation of the theoretical benefits of low-energy 
whole-body electron treatments was reported from 
the Lahey Clinic in 1962 (Smedal et al., 1962), and 
since that time centres both in the United States 
(Grollman et al, 1966; Fuks and Bagshaw, 1971; 
Miscre et al, 1973) and in the United Kingdom 
(Bratherton, 1972; Szur, 1975) have developed dif- 
ferent techniques and applied them with success to 
the disease. This paper describes a successful modifi- 
cation of established equipment at the Christie 
Hospital and the clinical results achieved with the 
first group of patients treated by this technique. 


DESCRIPTION OF TECHNIQUE 

The present technique is not different in principle 
from those described by Haybittle (1964) and by 
Trump et al., (1953) in which the patient is moved 
relative to a beam of low energy electrons. The 
electron energy chosen, nominally 3 MeV, is the 
lowest available from the MEL 5L75/10} acceler- 
ator, The patient to be treated lies on a specially 
constructed couch which is motor driven through 
the fixed electron beam at a speed proportional to 
the instantaneous dose rate. The circuitry required 
for control of couch speed is identical with that 
provided for control of gantry speed during rota- 
tional therapy. The couch is constrained to move 
along a fixed line by a mono-rail system consisting of 
a rail along the underside of the couch which runs 
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between guide bearings fixed to the floor. The 
surface height of the couch is adjustable so that the 
mean SSD can be set to 1.30 m, this adjustment 
allowing for variation of the patients’ thickness. The 
only modifications that have been necessary to the 
linear accelerator are the switching of the power 
supplies for the gantry rotation motor to the couch 
drive motor and the inclusion in the relay which 
performs this switching function of an interlock 
which allows the equipment to be operated only 
when the appropriate motor is connected. An ad- 
ditional safety interlock has been fitted to prevent 
accidental over-exposure of one region of the body if 
the movement of the couch stops for any reason. The 
interlock consists of a movement detector which, 
after an initial period of 20 seconds to allow the 
couch to start moving, terminates an exposure if the 
speed falls below a preset level (this interlock was 
fitted in accordance with the recommendations of 
the Radiotherapy Apparatus Safety Measures Panel 
(RASMP/75), The modifications to the accelerator 
are shown diagrammatically in Fig. 1. 


Dose DISTRIBUTION 

The depth dose curve for the 3 MeV electron 
beam is shown in Fig. 2. It can be seen that a layer of 
tissue extending from the surface to a depth of 
approximately 0.9 cm can be treated to a dose greater 
than 80°, of the maximum dose while tissues beyond 
1.5 cm deep are spared. 

In order to achieve uniformity of dose along the 
length of the patient it is necessary to move the 
patient through a distance sufficient that the areas 
treated start outside the electron beam, pass through, 
and finish outside the electron beam. Figure 3 
shows that in practice a dose of 80°, of the maximum 
is achieved if the patient is moved through a distance 
of 20 cm more than his length. Variations in uni- 
formity also occur with changes in SSD over the 
patient’s surface. However, variations do not follow 
the inverse square law. Lillicrap and Breyer, 1975, 
showed that for low-energy electron beams the 
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Fie. 1, 
Moving couch modification to MEL SL75 Accelerator. 
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Fic. 3. 
Longitudinal dose distribution obtained by translation 
through a fixed “Gaussian” beam. 


scattering of electrons by scattering foils, colli- 
mators and by air increased the power law exponent 
from —2, corresponding to the inverse square law, 
to —2.8. They found that no universal power law 
could be applied, as the exponent depended on the 
degree to which the electrons were scattered. 

In this technique no applicator is used and the 
X-ray collimators are fully retracted (as is necessary 
for operation of the accelerator in the electron 
mode). Measurements in fixed beams have shown 
that over the range 1.2 to 1.6 m SSD the variation in 
dose-rate follows a power law with an exponent of 
—2.6. However, in order to establish the variation of 
dose rate with SSD, measurements in a fixed beam 
are not appropriate to moving field techniques. It is 
necessary to make measurements of total dose ab- 
sorbed during a full translation through the beam at 
each SSD. This “integration” effectively removes 
the divergence of the beam along the translation axis 
and the resultant variation in dose-rate follows a 
power law with an exponent of approximately one 
half of that measured in a fixed beam. Thus, the dose- 
rate in this technique is proportional to S5SD-1.3 
which means that at a mean SSD of 1.3 m variations 
of up to 0.2 m can be tolerated before the dose falls 
outside the range of 80° to 120°, of the mean dose. 

In the plane normal to the central axis of the fixed 
beam at 1.3m SSD the dose distribution is ap- 
proximately Gaussian and is cylindrically symmetri- 
cal about the central axis. The radial distance from 
the axis at which the dose falls to 50%, of the dose on 
the axis is approximately 0.25 m. If measurements 
are made which “integrate” this distribution along 
the translation axis the transverse dose distribution 
is obtained; this is also Gaussian within a 50°, radius 
of 0.25 m. The addition of two such distributions 
obtained by two translations through the beam 
centred 0.25m on each side of the central line of the « 
patient results in a uniform distribution over a width 
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MIDLINE 
Fic. 4. 
‘Transverse dose distribution from two overlapping fields. 


of approximately 60 cm as is shown in Fig. 4. This 
distribution is sufficiently wide to cover most 
patients. 

The depth dose of the treated layer, 0.9 cm at 
normal incidence, is reduced by oblique incidence. 
This reduction only becomes important at almost 
tangential incidence and can be avoided by tilting 
the patient laterally by 5 deg on the treatment couch. 
This also ensures that the region tangential to the 
beam when the patient is treated from the anterior 
is not tangential when the patient is treated from the 
posterior and vice versa (Fig. 5). 


Dosimetry 

Dose measurements used for this technique were 
based on the “Practical guide to low energy electron 
dosimetry”, HPA Report 13 (1975), and the ion- 
ization chamber described in that report was used. 
The measured dose distributions have been checked 
both on phantoms and patients, using sachets of 
lithium fluoride, and have confirmed that uniform 
doses are achieved over the entire skin surface, ex- 
cept where the skin is shielded by other parts of the 
body, e.g. in the groin and axillae. The X-ray 
contamination has been measured to be a maximum 
of 2°, of the electron dosein the centre of the electron 
beam, However, this falls to less than 19% 25 cm 
away from the centre of the electron beam which 
corresponds to the mid-line of the patient. 


DOSE AND FRACTIONATION REGIME 
The total dose is given to the patient by the 
addition of four fields, two from the anterior 
and two from the posterior. Each field is a complete 
longitudinal translation of the patient through the 
beam. The centre of the couch, and hence the centre 
of the patient, is offset 0.25 m from the beam axis and 
thus the left and right anterior fields can be treated 
by turning the patient round, head to feet, on the 
+ couch. Similarly the posterior fields can be treated 
on the same couch, 


EFFECT OF OBLIQUE INCIDENCE 


80% ISODOSE 





Fic. 5. 
Reduction of treated depth by oblique incidence of electron 
beam. 


Only one of the four fields is treated each day and 
the week’s dose to that field is delivered in a single 
treatment. Each patient thus has four fractions 
completing the whole-body treatment in one week. 
This is repeated on three consecutive weeks. Doses 
of 1600 to 3000 rad have been delivered to individual 
patients. The majority of patients have received 2400 
rad in 12 fractions over 18 days. 


RESULTS OF TREATMENT 

Twenty-one patients have been treated during the 
study period. Follow-up varies from six months to 
four-and-a-half years (Table I). Patient 7 has been 
treated twice and patient 6 three times. The spec- 
trum of clinically generalized mycosis fungoides from 
erythroderma to skin tumours was represented in 
the group. Past history varied from six months to 
30 years, and in the majority of patients the histo- 
logical picture was compatible with the clinical 
picture. 

Symptomatic improvement regularly took place 
during treatment but objective improvements were 
normally noted two to four months after completion. 
A satisfactory response was considered to be achieved 
if symptomatic response and objective improve- 
ments were maintained for three months although 
the patient’s skin did not always look completely 
normal. Four patients (1-4) were considered to have 
received no benefit from treatment and one patient 
(5) died of ulcerating infective complications ex- 
acerbated by his long standing paraplegia and dia- 
betes mellitus. Satisfactory responses in the 16 
remaining patients (6-21) were maintained for 
periods of time ranging from one to four years. Two 
patients (6 and 7) from this group, who relapsed with 
generalized disease, were successfully re-treated to 
full dosage. Only five patients have not required 
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TABLE I 
DETAILS OF PATIENTS INCLUDING AGE, SEX, PAST HISTORY, TYPE OF DISEASE, HISTOLOGY AND EXTRA TREATMENT. 
































further electron treatment and have maintained 
remissions for six months to three years after their 
electron treatments (8-12). One patient (13), whose 
skin responded satisfactorily, died of infiltrating lung 
disease after seven months. The eight remaining 
patients have relapsed but in only two has this been 
generalized and the remaining six have only re- 
lapsed in small patches and have been treated satis- 
factorily with superficial X-ray therapy at 100 kV. 


Overall results 

In a disease with such a variable natural history it 
is not helpful to express results in terms of survival. 
Useful objective responses have been achieved in 16 
out of 21 patients. 


RADIATION REACTIONS 

Skin 

Only one patient (11) had a skin reaction of 
clinical significance on completion of a course giving 
3000 rad. The reaction was erythematous on the 
medial surface of the thighs and settled spon- 
taneously. No dry or moist desquamation was seen 
and long term skin stigmata have not been observed. 
No patients have developed subcutaneous fibrosis. 


30 








em d ; EE 
Past Remission l 
history Dose length | 
Sex |Age] (years) Type (rad) (years) Extra treatment/complications | Histology 
1] F | 47 2 ulceration 1600 | positive 
2IiEJN 3/4 erythroderma 1800 | negative 
3| F] 45 4 Sejary’s syndrome 2400 negative | 
4| F j 60 13 ulceration 2400 positive 
51M { 62 4 patchy, plaques 3000 diabetic, paraplegic | positive 
6| F119 6 erythroderma 3 x 2400 superficial XRT re-treated l positive 
71M } 63 30 erythroderma 1.1800/ re-treated | positive 
2.2400 i 
81M {71 7 erythroderma 2400 superficial XRT | positive 
91M | 33 3 erythroderma 2400 | positive 
101 M | 56 | many parapsoriasis 2400 | positive 
11 | M | 60 5 erythroderma & 3000 | positive 
plaque 
12| M | 54 13 erythroderma 2400 | positive 
13| F |50 4 plaque 2400 died (lung infiltration): positive 
skin disease well 
14] F | 54 20 tumours 2400 positive 
15| F | 55 | several plaques 2400 positive 
16 M | 61 2 eczema like 2400 superficial XRT | positive 
17) M | 68 4 eczema like 2400 superficial XRT positive 
18] F | 68 2 plaque 1800 superficial XRT positive 
19| F | 62 7 erythroderma 1600 superficial XRT positive 
20} M | 63 7 eczema like 2400 superficial XRT positive 
21; Mj 51 2 eczematoid 2400 superficial XRT positive 








Appendages 

Hair and nails are shed temporarily from irradi- 
ated areas. Uninvolved areas are easily shielded with 
2 mm lead and can be spared clinically. In practice 
the eyes were routinely protected by lead spectacles, 
and in some patients it was possible to shield the 
whole head with lead. Sweat gland function con- 
tinues during and after treatment and this is true of 
patients who have been re-treated. 


Bone marrow 

Bone marrow tolerance had proved excellent and 
is a tribute to the low X-ray contamination of the 
electron beam. No patient has had a significant 
change in haematological indices during treatment 
and this has been illustrated most satisfactorily by 
the successful completion of three full-dosage 
courses in two years in patient 6 (Fig. 6). 


Discussion 
From a radiotherapeutic point of view this tech- 
nique has proved most satisfactory. Existing equip- 
ment has been modified to provide a well tolerated 
and reliable treatment which has produced good 
subjective and objective control of generalized 
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Fic. 6. 
Haematological indices during and after three separate whole body electron treatments over two years in patient 6. 


mycosis fungoides. Because of the complexities in 
contour of the human body it is not possible to 
achieve a homogenous dosage over all of the skin 
surface; the need to use superficial X-ray treatments 
to patches of residual disease is to be expected but 
in no way detracts from the usefulness of the 
technique. In considering other causes of treatment 
failure a number of points have to be reviewed. 
Patients in this group have received four different 
dose levels using this fractionation regime but the 
numbers involved do net permit the construction of 
a dose response curve. The only abnormal skin re- 
action was seen at 3000 rad and a disproportionate 
number of failures were seen at 1600 rad. The 
compromise of 2400 rad continues to provide satis- 
factory clinical results. 

The physical state of the disease can present 
problems with this energy of electrons as the cut off 
is very sharp at 0.75~1.0 em and any skin tumour 
thicker than this is grossly under-treated. Disease of 
such a type is not satisfactory for electron therapy at 
this energy. The physical objections to treating this 
type of mycosis fungoides are aggravated further by 


the fact that disease of this type is more aggressive 
and nearer the end of its natural history than the 
erythrodermic varieties. 

The clinical experience which has come from 
treating this group of patients is far short of that 
required to define the place of whole body electron 
therapy in mycosis fungoides. We have no experi- 
ence of treating early localized disease with this 
technique and cannot comment on the concept of 
“cure” (Fuks and Bagshaw, 1971) of the disease by 
early treatment. Long term control of generalized 
disease is, however, a reality. There is nothing about 
the clinical results to suggest that the responses 
achieved are in any way different or more successful 
than those reported from Hammersmith (Szur, 
1975), Cambridge (Bratherton, 1972), or centres in 
the United States (Smedal et al., 1962; Grollman, 
et al, 1966; Miscre et al, 1973). Generalized 
disease of the erythrodermic or eezematoid varieties 
can be controlled to the satisfaction of patients and 
doctors with minimum complications for significant 
and so far undefined periods of time. The responses 
in patients of this type are often so good and so well 
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tolerated as to suggest that such a technique should 
be used in any generalized case in these early phases 
of the disease. Whether this influences the long 
term prognosis no one is in a position to say. The 
strength of this technique lies in the fact that 
worthwhile clinical results were achieved by modi- 
fications of established equipment which are physi- 
cally satisfactory and safe. 
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Book review 


Breast Carcinoma. The Radiologist’s Expanded Role. Editor, 
Wende Westinghouse Logan, 1977, pp. xv-+378, illus., 
(John Wiley & Sons, New York/Chichester/Brisbane/ 
Toronto)., £22°55, 

In her preface, the editor states that, “Mammography 
offers the only hope at present of detecting breast carcinoma 
early enough to improve the mortality rate.” So, the 
radiologist has a vital part to play in the early diagnosis of 
breast cancer. As an interpreter of images the radiologist 
must expand his role as a diagnostician to include a know- 
ledge and expertise of new imaging techniques. With this in 
mind a conference was held at Roswell Park Memorial 
Institute, Buffalo, New York in October 1976 to discuss 
various aspects and techniques of breast imaging. This book 
is based mainly on a series of papers presented at this 
meeting. A few additional chapters are included for the sake 
of completeness. 

The book is divided into five parts. The topics covered in 
each part are mainly related but there is inevitably re- 
duplication of material in the various sections. 

The first part deals with the problem of radiation 
induction of breast cancer, the benefits versus risks of 
mammography and breast cancer screening. The facts and 
theories are fairly presented and the overall impression is 
that the benefits of mammography outweigh the risks 
provided radiation dosage is kept to the minimum consistent 
with the production of a good mammographic image. 

Part 2 deals mainly with some physical factors of import- 
ance in mammography. The topics include the effect of 
scatter, magnification technique, geometrical unsharpness, 
focal spot characteristics and quality control. 

The third and fourth parts consider several breast 
imaging techniques and are extremely interesting chapters. 
The methods discussed include xeroradiography, film- 
screen mammography, magnification technique, optically 
enhanced mammography, electron radiography, com- 
puterized tomographic and heavy-particle mammography. 
It is obvious from the panel discussion that the various 
experts prefer their personally adopted methods. It is also 
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clear that those with more limited experience are uncertain 
which of the main methods to adopt. The answer appears to 
be that any of the main techniques—~film mammography, 
film-screen mammography and xeromammography give 
good results if well performed. The less familiar techniques 
have potential but require further development. 

The fifth and final part contains four chapters on ther- 
mography, two recommending the technique, one con- 
cluding that the method is of no value in early diagnosis of 
breast cancer and the fourth describing experiments with a 
thermodynamic brassiere! There is an excellent article on 
contrast ductography but it contains an unfortunate wording 
on the topic of complications. If no serious complications 
have been encountered by the senior author what has been 
encountered by the junior authors? The importance of 
radiological control in the management of non-palpable 
breast lesions is well covered and there is an interesting 
article on a stereotaxic method of needle biopsy of non- 
palpable lesions. Needle aspiration biopsy of palpable 
lesions is described and the present status of ultrasound 
examination of the breast is discussed and beautifully 
illustrated. 

The publishers are to be congratulated on the lay-out of 
this book. The printing and graphical work are excellent. 
The quality of reproduction of mammograms (which are 
notoriously difficult to reproduce) is superb. There are a 
few errors however—the mis-spelling of Gershon-Cohen’s 
name on page 139 is unfortunate, Table I on page 154 is not 
one of relative skin dosages but patient statistics and the 
description of the patient’s position for stereotaxic needle 
biopsy on page 313 should be “prone” and not “supine”. 

The overall impression is that this is an excellent book 
with first-class articles and up-to-date information, It is well 
worth reading and purchasing. It has a definite place in an 
academic and departmental library. It should also be found 
on the personal shelves of the radiologist associated with the 
investigation of breast disease. 

I. H. GRAVELLE. 
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ABSTRACT 

"Tbe mouse ear (pinna) was used to investigate the effect of 
two hyperthermic treatments. Heating was by immersion in 
hot water at 43.5°C, 

A single treatment of about 50 minutes was required to 
cause necrosis in 50°, of the ears heated. When heat treat- 
ment wag given in two equal fractions the total heating time 
had to be increased if the interval between fractions was 
greater than four hours. By 24 hours a total treatment of 
about 100 minutes was required, indicating almost complete 
recovery from the first heating. 

Priming treatments at 43.5°C induced thermal resistance 
to a second heat treatment at 43.5°C. Maximum resistance 
was observed one day after a 20 minute priming and two 
days after a 40 minute priming, when the heating time had to 
be increased to 120 minutes, an increase by a factor of 2.4. 
Shorter priming treatments induced less resistance, the 
minimum heating time to produce an effect being two 
minutes. In all cases the effect decreased during the next 
four to five days. 

These results indicate that the reduced response of 
tissues to fractionated hyperthermia is due both to the 
repair of sublethal heat damage and induction of thermal 
resistance. 


‘There is considerable experimental evidence that 
hyperthermia, either alone or combined with radi- 
ation or chemotherapy, may be beneficial in the 
treatment of some types of cancer. In order to use 
heat to the best advantage it is necessary to under- 
stand the response of cells and tissues to hyper- 
thermic treatments. In clinical practice fractionated 
treatments are likely to be used but there is only 
limited information about the response of tissues to 
more than one heat treatment. 

A few authors have reported that the response of 
tissues to heat alone is reduced if the heat treatment 
is fractionated, suggesting repair of heat damage 
(Moritz and Henriques, 1947; Thrall et al., 1973; 
Suit, 1977; Hahn et al., 1977). There is also evidence 
that the enhancing effect of heat on radiation 
damage is reduced if repeated heat and radiation 
treatments are given (Field and Law, 1978). In 
addition experiments on cells in vitro have demon- 
strated that heat treatment induces transient thermal 
tolerance. Two different phenomena have been re- 
ported. For prolonged heating at temperatures below 
43.5°C there is a decrease in the slope of the cell 
survival curve after three to four hours (Palzer and 
Heidelberger, 1973; Gerweck, 1977; Harisiadis et al., 
1977). This effect is not observed at higher temper- 
atures. However, if cells are heated for a short time 


at temperatures greater than 43.5°C and returned to 
37°C for a few hours, the sensitivity to a second heat 
treatment is reduced (Gerner and Schneider, 1975; 
Gerner et al., 1976; Henle and Leeper, 1976). In 
both cases thermal tolerance has been defined as the 
reduction in the slope of the heat survival curve. 
Such a definition is not possible for tissues in vivo 
unless cloning techniques are used. Crile (1963), 
however, has reported a similar phenomenon in mice. 
He demonstrated that a heat treatment which 
caused severe damage to both the mouse foot and 
sarcoma 180 was less effective when given 24 hours 
after a previous exposure to heat which itself caused 
little visible effect. That is, the first heat treatment 
induced a resistance to a second heat treatment, 
Apart from the work of Crile we know of no other 
studies of the effect of a prior heat treatment on the 
response of tissues im situ to subsequent hyper- 
thermia. Therefore the experiments described in the 
present paper were designed to investigate separ- 
ately the phenomena of repair and induced thermal 
resistance in a normal tissue. The ear (pinna) of the 
mouse was chosen for this study as it is easily heated 
by immersion in hot water and thermal damage may 
be scored without difficulty. Two types of experi- 
ments were performed. In one, two equal treatments 
were given to measure repair of thermal damage. In 
the other, aimed at testing for the induction of 
thermal resistance, the response to a second treat- 
ment was measured at different times after a priming 
treatment which itself caused no visible effect. 


"TECHNIQUES 

Female CFLP mice were anaesthetized by intra- 
peritoneal injection of pentobarbitone sodium 
(Sagatal) at 0.065 mg/g body weight for hyper- 
thermia treatments. For long treatments additional 
anaesthetic was required. One ear of each mouse 
was heated by immersion in hot water. Thermo- 
statically controlled water baths with a temperature 
variation of less than 0.05°C were used and water 
temperatures were measured with mercury thermo- 
meters calibrated against a secondary standard. 
Further details of the methods are given elsewhere 
(Law et al., 1977). All heat treatments were at 
43.5°C. 
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Fig. 1. 


The percentage of ears developing necrosis plotted as a 

function of total heating time at 43.5°C given as a single 

treatment (@) or as two equal treatments separated by 4 

(MD), 8 (7), 16 (V) or 24 (©) hours. Each point represents a 
total of 6 to 12 mice. 


RESULTS 

Mild hyperthermia caused transient erythema in 
the ear. More severe heat treatment caused deep 
reddening and swelling which was followed by 
necrosis. The rate at which necrosis developed 
depended on the severity of the heat treatment, but 
it usually occurred within a few days of heating and 
never began after 14 days (Law et al., 1978). There- 
fore, the response to a given heat treatment was 
expressed as the percentage of ears with necrosis 
by 14 days after heating. As soon as an ear showed 
signs of necrosis the animal was sacrificed. 

Experiments to measure repair and induced re- 
sistance will be considered separately. 


Repair 

Figure 1 illustrates the effects of giving heat 
treatments (at 43.5°C) in two equal fractions separ- 
ated by various intervals defined as the time be- 
tween the end of one treatment and the beginning of 
the next. For each interval the total heating time was 
varied so that the percentage of mice developing 
necrosis after the second treatment ranged from zero 
to 100%. For all treatments, once a threshold had 
been reached an increase in total heating time by 
only 20-30%, was sufficient to increase the prob- 
ability of necrosis from zero to 100%. As the 
interval between fractions was increased the treat- 
ment time to cause a given reaction had to be 
increased. 

The heating time required to produce necrosis in 
50% of the ears heated (NT 50) was estimated for 
each time interval between treatments (Fig. 2). 
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Fig. 2. 


The effect of giving heat treatments at 43.5°C in two equal 

fractions. Total heating time required to produce necrosis in 

50% of the ears heated is plotted as a function of time 
between fractions. 


For a single treatment the NT59 was about 55 
minutes. For two equal fractions no increase in total 
NT;zo was required for intervals up to four hours 
between treatments, but for longer intervals the 
total NT's9 had to be increased. By 24 hours, heating 
times of almost twice those required in a single 
treatment were needed to produce necrosis, in- 
dicating almost complete repair of the damage 
caused by the first fraction. 


Induced thermal resistance 

For two equal fractions, the total NT'59 can never 
be more than twice the single treatment value 
because if it were the first treatment alone would be 
greater than the single treatment N59. This means 
that two equal heat treatments can only demonstrate 
repair. Induced thermal resistance would only be 
demonstrated if the NT 59 for a second treatment 
given after a mild priming dose of heat were greater 
than the single NTs. Therefore in the second 
series of experiments a constant first heat treatment 
was followed at different times by a second heat 
treatment whose duration was varied to produce 
necrosis ranging from zero to 100%. 

Figure 3 shows results obtained when the first 
treatment was 40 minutes which is close to tissue 
tolerance but never alone causes necrosis. The 
figure gives the percentage of mice which showed 
signs of developing necrosis as a function of total 
heating time for various treatment intervals. As with 
equal treatments (Fig. 1), once a threshold had been 
reached an increase in total heating time by 20-30%, 
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a ip 


20 minutes 


treatment (minutes) 


140 


160 





5 minutes 150 





Buration of second heat 

















m gn PE Re pnp I 
so l 
g | 
I 
2 | 
= 4 
: ; l 
$ | & 
= « ` 
g 3 wo g 
£ wt ee eee ee eee, oe shee Steen arene stan ee - 
é 7 | a 
f Singte treatment H 3 
i 40 g 
EE E Se eS 
o First heat trectrent = 40 minutes | 
5 H j 
a { | 
{ t 
ae PPE ae Cen Sem eee SEILER PEREN DRE EEE R 1 
6 2% ag $9 80 100 120 10 al 


Hours between heat ireatments 


Fig. 4. 
Thermal resistance induced by heating at 43.5°C for 40 
minutes. The total heating time (right hand axis) or the 
duration of the second heat treatment (left hand axis) 
required to produce necrosis in 50°, of the ears heated is 
plotted as a function of the interval between treatments. 
Different symbols represent different experiments. For a 
single treatment 50 minutes was required. A second treat- 
ment greater than 50 minutes indicates thermal resistance. 
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Thermal resistance induced by different heat treatments at 43.5°C. The duration of the second treatment required to 

produce necrosis in 50%, of the ears heated is plotted as a function of the interval between treatments. First treatments were 

for 26, 10, 5 and 2 minutes. Different symbols represent different experiments. For a single treatment 50 minutes is required 
(ST). A second treatment greater than 50 minutes indicates induced thermal resistance. 
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increased the probability of necrosis from zero to 
100%. These results are shown as isoeffect curves in 
Fig. 4, which shows both the total heating time 
required to produce necrosis in 50% of the ears 
heated (total NT5o) and the duration of the second 
heat treatment (second NT5ọ) as a function of the 
time between treatments. During the first day the 
results were comparable with those obtained for 
equal fractions shown in Fig. 2, there being little 
change in the second N7T's59 for intervals up to four 
hours after the first treatment. Subsequently the 
second NT's5q increased until at 20-24 hours it was 
equal to the single NTs5o of 50 minutes, an effect 
suggesting complete repair of the 40 minute 
priming dose. At longer intervals, however, the 
second NT59 increased further. This was a demon- 
stration of induced thermal resistance. It reached a 
maximum at about 40 hours when the second NTs 
was more than twice the single NT'59. The induced 
resistance subsequently decayed until by 96 hours 
the initial 40 minute treatment had been forgotten 
and the second NT's9 was again equal to the single 
NT 50. 

The effect of varying the priming treatment was 
then tested. In these experiments five groups of six 
mice were used to determine the second NT 59 for 
each time interval between heat treatments. Figure 5 
shows that induced thermal resistance depended on 
the severity of the initial heat treatment. After a 20 
minute first treatment the magnitude of the effect 
was similar to that observed after a 40 minute 
treatment, but maximum thermal resistance was 
observed earlier. Initial treatments of ten, five and 
two minutes induced progressively less resistance. A 
one minute treatment had no effect. 


DISCUSSION 
Repair 

No repair occurred for about four hours between 
heat treatments but between 4 and 24 hours it in- 
creased to a maximum (Fig. 2). These observations 
are consistent with results from Suit (1977) who 
showed little repair for five hours after treatment at 
43.5°C to the mouse foot and mouse fibrosarcoma, 
whereas by 22 hours between heat treatments there 
was considerable sparing. Both results indicate that 
the time-course of repair after heat injury is quite 
different from that of repair of sublethal damage 
after X-irradiation which is frequently complete in 
about two hours (Elkind and Sutton, 1960). How- 
ever Hahn et al., (1977) heated mouse tails to 44°C 
and observed a more rapid repair than either that 
presented here or that found by Suit (1977), there 
being a measureable effect after one hour with maxi- 
mum repair by 12 hours. Similar experiments i vitro 
indicate rapid repair of heat damage after treatment 
at 45°C, the recovery half time being one hour or less 
which is comparable with that after X rays (Henle 
and Leeper, 1976; Harisiadis ef al., 1977). The 
difference between the in vivo and in vitro results 
may be due to the higher temperatures used vitro. 
Clearly the phenomenon is not fully resolved. 

A further question is whether the extent of repair 
of sublethal damage is comparable with that after 
X rays. By analogy with analyses of X-ray results, 
the recovery after fractionated heat treatment may be 
expressed in terms of the average proportion of each 
dose recovered between fractions, Fp, given by 
[(Dx —D)/(N —1)]/[(Dx)/(N)] where Dy is the total 
heating time required as a fractionated treatment to 
cause a given tissue response and D; is the heating 






































TABLE I 
RECOVERED DOSE Fr 
= T — = 
Number of fractions | 
Single 
Authors Tissue Temperature | treatment 2 3 4 5 | 10 | 
This paper Mouse ear 43.5°C 55 min 0.91 | l 
nen au BE treet pd oe 
Suit, 1977 Mouse foot 43.5°C 173 min 0.69 0.84 | 0.90 | 
= 2 AREER eee Hpbi Ra as ote a4 
Suit, 1977 Mouse fibrosarcom 43.5°C 83 min 0.83 0.80 | 0.86 | 
Da : 2 R 
‘Thrall et al., 1973| Mouse mammary 44.1°C 39 min i 
carcinoma | 
Moritz and Pig skin 49°C 9 min >0.75 | >0.75 
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The induction of thermal resistance by different heat 
treatments at 43.5°C, Data from Figs. 4 and 5 are plotted to 
show how the duration of the second treatment required to 
produce necrosis in 50°, of the ears changes with time after 
first treatments of 2, 5, 10, 20, and 40 minutes. Induced 
thermal resistance, defined as the extra heating time above 
the single treatment of 50 minutes, is indicated on the right 
hand axis. 


time required as a single treatment to give the same 
response (Denekamp, 1973). Maximum values of Fr 
for the mouse ear and a number of other tissues are 
shown in Table I. For 2-10 fractions of hyper- 
thermia Fg ranged from 0.7 to 0.9, depending on the 
tissue studied. With ionizing radiation Fp generally 
increases from about 0.4 for two fractions to about 
0.6 for ten fractions, although higher values have 
been obtained for larger numbers of small fractions 
(Denekamp, 1973; Fowler et al., 1974; Denekamp 
and Harris, 1975). It therefore seems that tissues 
may have an even greater capacity to repair sub- 
lethal hyperthermic damage than radiation damage. 


Induced thermal resistance 

The results from Figs. 4 and 5 are combined in 
Fig. 6 to show how the thermal sensitivity of the ear 
to a second heat treatment varied with time after a 
number of different first heat treatments. Immedi- 
ately after a priming dose of 40 minutes the ears 
were more sensitive to heat than if no priming 
treatment had been given (second NT59< single 
N Tso). By 20 hours there was no apparent effect of 
the priming treatment (second N’T'59=<single NTs) 
but after 20 hours the ears became resistant (second 
NTso> single NTso). Induced resistance reached a 
maximum at about 40 hours, after which there was a 
return to the situation where the second NT59 
equalled the single NTso, 4e. the priming dose had 
been forgotten. After shorter priming treatments the 
response was similar, but the period of induced 
resistance began earlier. In all cases the effect 
reached a maximum and subsequently decreased. 
These results are comparable with those obtained 
for other systems. For cells im vitro resistance is 





Induced thermal resistance(minutes } 


Induced thermal resistance (unge treat ment } 
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Fig. 7. 
The dependence of induced thermal resistance on the 
severity of the first thermal treatment. Maximum thermal 
resistance, defined as the extra heating time above the single 
treatment of 50 minutes and expressed either as minutes or 
as a percentage of the single treatment time of 50 minutes, is 
plotted against the duration of the first heat treatment. 


usually observed after a few hours and decays by 2-3 
days (Gerner et al., 1976; Henle and Leeper, 1976). 
For tissues in vivo the only results apart from those 
reported here are those of Crile (1963). From very 
limited data he reported that a treatment at 44°C for 
30 minutes made the mouse foot and sarcoma 180 
less sensitive to heat given 24 hours later but by 3—4 
days sensitivity had returned to normal. 

Induced thermal resistance may be defined as the 
extra heating time above a single treatment required 
to cause necrosis (Fig. 6). The single treatment NT59 
varied slightly between experiments, the mean time 
being 50 minutes, standard deviation 4.5 minutes for 
nine observations, Therefore, in any one experiment 
the induced thermal resistance was calculated using 
the single treatment required in that particular 
experiment. Maximal induced thermal resistance, 
expressed either in minutes or as a percentage of the 
average single heat treatment of 50 minutes, is 
plotted as a function of heating time in Fig. 7. A 20 
minute priming treatment (40% of the single NT59) 
or longer caused the maximum effect which was 66 
minutes or 130% of the single NT59. Shorter 
priming heat treatments caused progressively less 
induced resistance until two minutes which caused 
an effect only bordering on significance. Although 
more severe heating has been used to induce thermal 
resistance in vitro, the magnitude of resistance in 
cells also decreases as the priming heat treatment is 
reduced (Gerner et al., 1976; Harisiadis et al., 1977; 
Leith et al., 1977). 

The thermal resistance illustrated in Fig. 6 could 
be due to a decrease in the slope of the heat survival 
curve, an increase in the shoulder or both. In cell 
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lines which do not accumulate sublethal heat damage 
thermal tolerance is explicable in terms of decreased 
cell sensitivity (Do) to heat (Gerner et al., 1976; 
Harisiadis et al., 1977), whereas in those cell lines 
which do have survival curves with shoulders it is 
due to both decreased thermal sensitivity (Do) and 
increased capacity to accumulate sublethal heat 
damage (Da) (Henle and Leeper, 1976). However, 
heat survival curves for tissues have not yet been 
reported. 


Mechanisms of induction of thermal resistance 

It has been suggested that thermal resistance 
might be the result of partial cell synchrony induced 
by the first heat treatment (Palzer and Heidelberger, 
1973; Henle and Leeper, 1976). However, the time 
course of both induction and loss of thermal re- 
sistance is similar for cells in vitro with turnover 
times of about one day (Henle and Leeper, 1976) and 
in tissues in vivo with much longer turnover times, 
for example in the mouse foot (Crile, 1963) with an 
epithelial cell turnover time of four days (Hegazy 
and Fowler, 1973) and in mouse ear epidermis 
(present data) with a turnover time of 24 days 
(Sherman et al., 1961). It therefore appears un- 
likely that induced thermal resistance is due to cell 
synchrony caused by the first treatment. 

Two other mechanisms for the induction of 
thermal resistance have been suggested. First, 
Leeper et al. (1977a, b) have shown that the 
appearance of maximum tolerance is correlated with 
the recovery of protein synthesis and that incubation 
of cells with cycloheximide, which inhibits protein 
synthesis, reduces thermal resistance in proportion 
to the concentration of drug used. These observa- 
tions suggest that thermal resistance requires 
synthesis of new proteins. Second, changes in 
lysosomes may be involved. For example, Hume 
et al. (1978) have reported two separate effects of 
hyperthermia on mouse splenic lysosomes. Tem- 
peratures below 42.5°C cause a transient increase in 
acid phosphatase activity whereas temperatures 
above 42.5°C cause an increase in membrane 
permeability. Heating the spleen induced thermal 
resistance for the permeability effect but not for 
enzyme activation, which suggests that induced 
thermal resistance may be connected with changes in 
membranes. 


Clinical implications 

The results in this paper and elsewhere demon- 
strate that cells and tissues subjected to hyperthermia 
show atransient resistance to further heat treatments. 
A report by Ludgate et al. (1976) suggests that this 


phenomenon has already been encountered in the 
clinic. To achieve a series of biologically equivalent 
“doses” of hyperthermia it will be necessary either 
to increase the degree of hyperthermia in the later 
treatments or to allow sufficient time to elapse 
between treatments such that the induced resistance 
to heat is lost. The magnitude of the induced 
resistance is so great that it must be taken into 
account in both the planning and interpreting of 
experimental or clinical treatments which involve 
repeated heat treatments. Clearly the subject re- 
quires further study. 
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Book reviews 


Radiation Effects: ESR and ENDOR Analysis. By Harold 
C. Box, pp. viii 280, illus., 1977 (Academic Press, New 
York), £17-40. 

‘This is a book for the specialist, either an ESR spectro- 
scopist or radiation worker in the biological sphere. 

The book divides into two parts of roughly equal length. 
Part I is a fairly standard account of ESR theory and 
techniques which should be familiar to ESR spectroscopists, 
but which will be useful to other radiation workers who wish 
to assess the results which have been obtained from the 
ESR and ENDOR analysis of radiation effects in biological 
material and to estimate what might be discovered in the 
future. The description of ENDOR actually occupies very 
few pages, in spite of the importance the author claims for it 
from the greatly improved resolution of spectra which it 
provides, 

Part IT describes the radiation effects which have been 
studied by ESR, and will be particularly useful to the 
spectroscopist who wishes te enter this field. The author’s 
approach is to take a particular effect, e.g. oxidation, to 
deseribe this in general terms of radiation chemistry, and 
then to give an account of the ESR studies, usually including 
several by the author himself. 

Dr. Box is to be congratulated on the diligence with which 
he has collected together the ESR studies of radiation 
effects; the list appears to be both complete and up to date, 
and the book will undoubtedly be of considerable use to the 
specialists mentioned above. I would not recommend it to 
the general reader, however, who might find the technical 
chapters heavy going and who, in spite of being impressed 
by the dedication and ingenuity of the many workers in this 
field, might find it difficult to decide what had been dis- 
covered that was of practical value. 

‘There are a few minor errors—e.g. reference to the 
“Block” equations (instead of Bloch)}—but nothing to cause 
the reader any serious problems. 

S. J. Wyarp. 


Reconstruction Tomography in Diagnostic Radiology and 
Nuclear Medicine. Eds: M. M. Ter-Pogossian, J. R. Cox, 
Jnr., M. E. Phelps, D. O. Davis, G. L. Brownell and R, G. 
Evens, pp. xv +573, illus., 1977 (University Park Press), 
$65.00. 

This book contains the papers presented at a workshop 
on reconstruction tomography in diagnostic radiology 
and nuclear medicine held in San Juan in 1975. This 
Workshop took place only four years after the first com- 
puterized axial tomographic scanner was installed in the 
Atkinson Morley Hospital in London. In spite of this and 
the fact that approximately three years have passed since the 
time the material was prepared for publication, it is still of 
current interest and relevance today. The book does, in fact, 
represent a significant reference work in the fields of both 
transmission and emission computerized tomography and 
will find a useful place on the shelves of any physicist, 
mathematician or engineer working in the field. 

The book is divided into three main sections: the first 
section containing 13 chapters or papers on the general 
theory of reconstruction tomography. These papers contain 
the bulk of the mathematical background of the subject and 
are the best part of the book. The middle and final sections 
are entitled “physical aspects” and “biomedical aspects”. 
These contain a rather unstructured mixture of papers 
dealing with topics including practical problems, phantom 
studies, calibration and a description of reconstruction 
tomographic methods using radionuclides. There are, in 
addition, papers dealing with the problems presented by the 
cardiopulmonary system and some philosophical matters. 

The book, although rather expensive, is well worth 
purchasing by physicists, mathematicians and engineers in 
the field and it should provide a useful reference work for 
research and teaching for a number of years to come. 

B. R. PULLAN. 
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ABSTRACT 

The effects of prior heat treatment on the skin reaction 
produced by a subsequent treatment with combined heat 
and X rays were investigated in the mouse ear. Ears were 
heated by immersion in hot water. 

The priming heat treatment was always 43.5°C for 40 
minutes. Its effect was transient, beginning between 24 and 
48 hours after the priming treatment and reaching a 
maximum at 48 to 96 hours when there was a reduction in 
the skin response to combined heat and X rays, i.e. it caused 
a reduction in the thermal enhancement ratio (TER). The 
effect was lost by 192 hours. At 96 hours after the priming 
treatment the TER for 30 minutes at 42.5°C or at 43.5°C 
was reduced by a value equivalent to decreasing the tem- 
perature by about 0.4°C. This was equivalent to increasing 
the heating at 43.5°C required to produce a given enhance- 
ment of radiation damage by a factor of 1.4 relative to that 
required without prior heating. 

‘The effect was smaller than induced resistance to damage 
caused by severe heat treatment alone (i.e. necrosis) and it 
occurred later. These differences support the concept that 
two separate mechanisms underlie direct heat necrosis and 
thermal enhancement of radiation damage. 


Recent experiments with animals have shown that 
heat causes two qualitatively different effects in 
normal tissues. Severe heat treatment causes necro- 
sis during the first few days after heating whereas 
moderate hyperthermia, which alone has little 
visible effect, enhances the response to ionizing 
radiation (Crile, 1963; Law et al., 1978). Both these 
effects of hyperthermia are reduced if the treatment 
is fractionated (Moritz and Henriques, 1947; Suit, 
1977; Field and Law, 1978; Hahn et al., 1977; Law 
et al., 1979), One explanation for these reductions is 
that thermal resistance is induced by the first heat 
treatment so that subsequent heatings are less 
effective. Such induced thermal resistance has been 
demonstrated both for cells in vitro (Gerner and 
Schneider, 1975; Gerner et al., 1976; Henle and 
Leeper, 1976) and for tissues in vive (Crile, 1963; 
Law et al., 1979). However, there is no published 
information about the response of preheated cells 
and tissues to combined heat and radiation. There- 
fore the experiments described in the present paper 
were designed to test the effect of a priming heat 
treatment on the enhancement of radiation damage 
by a subsequent heat treatment. 

The ear of the mouse was chosen for this study as 
the induction of thermal resistance to heat alone has 
already been demonstrated in this tissue (Law et al., 


1979). In the present experiments a priming heat 
dose was given at different times before a subsequent 
treatment with combined heat and X rays. The 
resultant skin reaction was compared with that after 
combined heat and X ravs without prior heating. 


METHODS 

Female CFLP mice were anaesthetized by intra- 
peritoneal injection of pentobarbitone sodium 
(Sagatal) for both hyperthermia and radiation treat- 
ments. One ear of each mouse was heated by im- 
mersion in hot water. Temperatures quoted are 
those of the water. Ears were irradiated with 250 
kV X rays, HVL 1.2 mm Cu, at a dose rate of 3.6 Gy 
(360 rad) per minute. Irradiations were in air main- 
tained at 25°C. Further details of the methods are 
given elsewhere (Law et al., 1977). 


RESULTS 

Radiation alone caused no visible skin reaction 
during the first ten days but, depending on the 
radiation dose, erythema and then desquamation 
were observed after ten days. The complete reaction 
lasted between ten and about 50 days. When a 
moderate heat treatment was given immediately 
before or after irradiation the response to X rays 
was enhanced but there was no qualitative difference 
from the response to X rays alone (Law et al., 1977). 

The skin response was scored for two months 
after irradiation using an arbitrary numerical 
system. Scores of one and two indicate degrees of 
erythema and scores of three to nine represent in- 
creasing areas of moist desquamation (Law et al., 
1977). The response, either to X rays alone or when 
combined with mild hyperthermia, was expressed 
either as the maximum skin score or as the average 
reaction between ten and 50 days. 


Experiment 1 

A priming heat treatment of 43.5°C for 40 minutes 
was given at 24, 48 and 72 hours before a combined 
treatment which was 42.5°C for 30 minutes followed 
six minutes later by X rays. The X-ray dose was 
varied so that radiation dose-effect curves could be 
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Fig. 1. 
The effect of prior heat treatment on the enhancement of radiation damage by a thermal treatment of 42.5°C for 30 min- 
utes in the mouse ear. A priming treatment of 43.5°C for 40 minutes was given 24, 48 or 72 hours before a second treat- 
ment of either X rays alone or 42.5°C for 30 minutes followed six minutes later by X rays. The results are compared with 
those without prior heat treatment (upper left panel and dotted lines). Each point indicates the mean for six mice and stan- 
dard errors are shown. 


plotted. Thermal enhancement ratios (TER), de- 
fined as the dose of X rays alone divided by the dose 
of X rays combined with heat to cause a given re- 
sponse, were calculated for each time interval be- 
tween heat treatments and values, were compared 
with that obtained for 30 minutes at 42.5°C without 
prior heating. To examine whether or not the 
priming heat treatment used in the present experi- 
ments (43,5°C for 40 minutes) had a direct effect on 
the X-ray treatment, the priming heat dose was also 
given at 24, 48, and 72 hours before second treat- 
ments with X rays alone. In these treatments the 
anaesthetic was injected 10-15 minutes before 
irradiation. 

The results are illustrated in Fig. 1. Only maxi- 
mum skin scores are plotted against radiation dose 
* but average reactions gave similar dose effect curves. 
Thermal enhancement ratios, calculated for both 


a maximum score of four and an average reaction 
of two, are given in Table I. The priming heat 
treatment did not significantly enhance the response 
to X rays alone. It also had little effect on the 
response to combined heat and radiation given at 
24 or 48 hours later. However, 72 hours after the 
priming heat treatment the enhancing effect of 
hyperthermia at 42.5°C for 30 minutes was slightly 
reduced, the TER being about 1.5 as compared with 
1.7 without prior heating. 


Experiment 2 

Clearly the effect of a priming heat treatment on 
thermal enhancement of radiation damage is small. 
Therefore a further experiment was performed to 
confirm the previous result and the study was 
extended to include second treatments at 43.5°C as 
well as at 42.5°C. The intervals between treatments 
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TABLE I 
"THERMAL ENHANCEMENT RATIOS AFTER PRIOR HEATING AT 43.5°C FoR 40 MINUTES: EXPERIMENT 1 
































= eee | 
i Maximum score 4 Average reaction 2 | 
| Hours oo 
between Dose Dose Mean | 
Second treatment treatments Gy TER Gy TER TER | 
X rays alone No priming 22.0 1.00 22.0 1.00 1.00 | 
24 21.8 1.01 21.4 1.03 1,02 | 
48 21.0 1.05 21.2 1.04 1.05 | 
72 20.7 1.06 21.3 1.03 | 1.05 E 
42.5°C, 30 min No priming 13.0 1.69 12.4 1.77 1.73 
and X rays 24 13.3 1.65 12.7 1.73 1.69 
48 14.3 1.54 13.8 1.59 | 1.57 
72 15.0 1.47 14.0 1.57 1,52 | 
e A = 





were also extended to test if the effects were tran- 
sient, as is induced resistance to heat alone (Law 
et al., 1979). 

The results are shown in Fig. 2 and thermal 
enhancement ratios calculated from the data are 
given in Table II. Again the priming heat treatment 
of 43.5°C for 40 minutes had little effect on the 
response to X rays alone given 48 or 96 hours later. 
At 48 hours after priming there was little effect on 
the response to 42.5°C and X rays but with 43.5°C 
there was a reduction in TER. By 96 hours the TER 
with both 42.5°C and 43.5°C was reduced. 

The results from experiments 1 and 2 are 
combined in Fig. 3 in which TER is plotted as a 
function of time between the priming heat treat- 
ment and second treatment. The priming treatment 
had little effect on the response to X rays alone but it 
caused a reduction in TER with both 42.5°C and 
43.5°C for 30 minutes. By 96 hours the TER was 
reduced from 1.72 to 1.45 for 42.5°C and from 2.87 
to 2.39 for 43.5°C. This result suggests that prior 
heating induces some form of resistance to combined 
heat and radiation. 


Experiment 3 

In order to make a direct comparison with induced 
resistance to heat alone (Law eż al., 1979), resistance 
to combined heat and radiation was measured in 
terms of the heating time required to cause a given 
reaction. The priming heat treatment of 43.5°C for 
40 minutes was given at 48, 96 or 192 hours before a 
second combined treatment of 43.5°C followed six 
minutes later by X rays. The X-ray dose was kept 
constant at 9.8 Gy (a radiation dose which alone 
causes no visible reaction) and the duration of the 
second heat treatment was varied so that the radi- 
ation skin reaction varied from two to six. 


The results are shown in Fig. 4. The second heat- 
ing times required to produce a given skin reaction 
when combined with X rays are given in Table HI. 
With no priming treatment a heating time of 23 min- 
utes at 43.5°C given immediately before 9.8 Gy was 
required to give a maximum skin score of four, 
average reaction two. When a priming heat treatment 
was given at 48 or 96 hours before combined 
treatment, the duration of the second heating had to 
be increased to about 30 minutes, an increase by a 
factor of about 1.4. By 192 hours the effect of the 
priming heat treatment had been lost, a heating 
time of 23 minutes being required. 


Discussion 

The results illustrated in Fig. 3 show that the 
TER for 30 minutes’ heating at either 42.5°C or 
43.5°C is reduced by a priming heat treatment of 
43.5°C for 40 minutes. This reduction indicates 
that prior heating induces resistance to thermal 
enhancement of radiation damage as well as re- 
sistance to direct heat damage (Law et al., 1979). 

Resistance to combined heat treatment was meas- 
ured in terms of the heating time required to cause a 
given enhancement of radiation damage (Fig. 4, ‘Table 
III) so that a direct comparison could be made with 
resistance to heat alone. Figure 5 shows that there 
are differences between the two. Data for resistance 
induced by 43.5°C for 40 minutes were taken from 
Law et al., (1979) for damage by heat alone and 
from Table III for damage by combined heat and 
X rays. Although both induced resistance to heat 
alone and to thermal enhancement of radiation 
damage are transient phenomena, the magnitudes 
and time courses of the two effects are very different. 
Resistance to heat alone develops by 24 hours, 
reaches a maximum at 48 hours and fades by 96 ° 
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TABLE II 


THERMAL ENHANCEMENT RATIOS AFTER PRIOR HEATING AT 43.5°C FOR 40 MINUTES: EXPERIMENT 2 


















































| | Maximum score 4 Average reaction 2 
Hours 
i between Dose Dose Mean 
| Second treatment treatments Gy TER Gy TER TER 
X rays alone No priming 21.1 1.00 21.35 1.00 i 100 | 
i 48 19.7 1.07 20.0 1.07 1.07 
| 20.5 1.03 19.65 1.09 1.06 
aaa aaa mtn tn O net PERE cee 
| 42.5°C, 30 min No priming 13.05 1.62 12.65 1.69 1.65 
and X rays 48 13.3 1.59 13.25 1.61 1.60 
| 96 14.7 1.44 14.5 1.47 1.45 
l No piimiñe 7.35 2.87 7.45 287 | 28 
| 48 9.3 | 2.27 8.55 2.49 2.38 
6 9, 2.29 8.6 2.48 2.39 
| 
Geir d | J 
8 No priming treatment Fic. 2. 
l The effect of prior heat treatment on thermal enhancement 
x of radiation damage in the mouse ear. A priming treatment 
6 of 43.5°C for 40 minutes was given 48 or 96 hours before a 
second treatment of X rays alone, 42.5°C for 30 minutes 
: given before X rays, or 43.5°C for 30 minutes given before 
4 ast sse ayers X rays. The results are compared with those without prior 
heat treatment (upper panel and dotted lines). Each point 
indicates means for six mice and standard errors are shown. 
2 
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The effect of prior heat treatment on thermal enhancement 
ratios for the mouse ear. Mean TER’s calculated for maxi- 
mum skin scores of four, average reaction two, are plotted as 
a function of time between the priming treatment of 43.8°C 
for 40 minutes and second treatments of X rays alone, 42,5°C 
for 30 minutes given before X rays, or 43.5°C for 30 minutes 
given before X rays. Open symbols represent data from 
experiment 1, closed symbols frorn experiment 2. 
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TABLE HI 
THE EFFECT OF PRIOR HEAT TREATMENT AT 43.5°C For 40 MINUTES ON THE HEATING TIME AT 43.5°C REQUIRED TO CAUSE A GIVEN 
ENHANCED SKIN REACTION TO AN X-RAY DOSE OF 9.8 Gy 
































. 7 
Duration of second heat treatment 
Mean duration 
| eee ee i oa 
Hours between Minutes to give Minutes to give & single 
treatments. maximum score 4 average reaction 2 minutes treatment 
No priming treatment | 22.6 23.6 23.1 | 100 
48 28.4 29.6 29.0 126 
96 31.0 32.0 31.5 136 
192 | 22.4 23.6 23.0 | 100 
| Peruse a 











Maximum skin score 


8 a 48 hours 


@ Control 





v 96 hours 


© Control 





a 192 hours 


@ Control 


20 30 





40 50 


Duration of second heat treatment 


(minutes) 


hours, whereas resistance to combined heat and 
radiation does not develop until 48 hours, persists 
until 96 hours but is lost by 192 hours. At maximum 
resistance to heat alone, heating time has to be 
increased by 140°, to cause a given reaction. At 
maximum resistance to combined treatment, heating 
time has only to be increased by about 40°. 

The reduction in TER caused by prior hyper- 
thermia may also be expressed as a reduction in 
effective temperature (alternatively to the reduction 
in effective heating time). This is possible because 
the TER is a function of temperature for a given 
heating time (Field et al., 1977). Data from the 
present experiments show how the TER for 30 
minutes’ heating given before X rays changes as the 
temperature is increased from 42.5°C to 43.5°C. 
There are also unpublished data (Law) for the 
response of the mouse ear to 60 minutes’ heating at 
41°C and 42°C given immediately before X rays. 
Assuming 1°C is equivalent to a factor of 3 in heating 
time (Law et al., 1978), 42°C for 60 minutes is 
approximately equivalent to 42.6°C for 30 minutes. 
TER’s for 30 and 60 minutes’ heating have been 
combined with the appropriate adjustment in scale 
in Fig. 6 to illustrate how the TER for mouse ears 
increases with temperature for 30 minutes. For this 
figure TER’s have been calculated relative to x rays 
alone given 10-15 minutes after injection of the 
anaesthetic (see Law et al., 1977 for discussion of the 
effect of anaesthesia and comparison with other 
tissues). Using Fig. 6, the effect of prior heating on 


Fic. 4. 

The effect of prior heating on the response of the mouse ear 
to combined heat and X rays. The priming treatment of 
43.5°C for 40 minutes was given at 48, 96 or 192 hours 
before a second heat treatment at 43.5°C followed by an X- 
ray dose of 9.8 Gy. The maximum skin score after com- 
bined treatment is plotted as a function of the duration of 


the second heat treatment. Each point represents the mean „ 


of six mice and standard errors are shown, 
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Resistance to thermal enhancement of radiation damage and 
to heat alone induced by a single heat treatment of 43.5°C 
for 40 minutes. For combined heat and radiation the dura- 
tion of the second heat treatment required to give a maxi- 
mum skin score of four, average reaction two, is expressed as 
a percentage of the duration of the single heat treatment (23 
minutes) with X rays. For heat alone the duration of the 
second treatment required to cause necrosis in 50% of the 
ears heated is expressed as a percentage of the duration of 
the single treatment (50 minutes) (from Law et al., 1979). 


the thermal enhancement of radiation damage may 
be expressed in terms of changes in temperature. For 
both 42.5°C and 43.5°C given before X rays the 
decrease in TER (from 1.71 to 1.45 and from 2.87 to 
2.39 respectively) observed when the priming heat 
treatment was given 96 hours earlier (Fig. 3) was 
equivalent to decreasing the temperature by about 
0.4°C. This suggests that by 96 hours the priming 
heat treatment has a comparable effect on the en- 
hancement of radiation damage by both 42.5°C and 
43.5°C for 30 minutes. 

For thermal enhancement of radiation damage a 
change in temperature of 0.4°C is equivalent to a 
change in heating time by a factor of 1.5 (Law et al., 
1978). Therefore after a priming treatment, the 
duration of a subsequent heat treatment would have 
to be increased by a factor of 1.5 to give the enhance- 
ment of radiation damage observed without prior 
hyperthermia. That this is in good agreement with 
the directly measured factor of 1.4 (Fig. 5 and 
Table II) suggests that the relationship between 
heating time and temperature to cause a given 
enhancement of the radiation response is the same 
with and without prior hyperthermia. 

The mechanisms underlying induced thermal re- 
sistance are not yet established (see review by Henle 
and Dethlefsen, 1978). As the cell-cycle time of 
epithelial cells of the mouse ear is of the order of 24 

* days (Sherman ef al., 1961) it seems unlikely that 
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€ 
È 20 
5 
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Fic. 6. 


Thermal enhancement ratios for the mouse ear plotted as a 
function of temperature. TTER’s for 30 (A) and 60 (@) 
minutes’ heating have been combined assuming 1°C is 
equivalent to a factor of 3 in heating time (Law et al., 1978). 


the results shown in Fig. 5 are explicable in terms ot 
cell synchrony. Induced resistance to heat alone is 
related to recovery of protein synthesis after the first 
heating (Leeper et al, 1977) but resistance to 
combined treatment follows a much slower time 
course (Fig. 5) suggesting a different mechanism, 
Recent experiments with mammalian cells in vitro 
have suggested that changes in membranes underlie 
both thermal inactivation of cells and induction of 
thermal resistance (Li and Hahn, 1978). Investi- 
gations by Hume et al. (1978a) have correlated 
direct heat injury with changes in the lysosomal 
membrane (increased permeability), in contrast to 
thermal enhancement of radiation damage which is 
related to activation of lysosomal enzymes. In more 
recent experiments on the lysosomal response Hume 
et al. (1978b) have shown that a priming heat treat- 
ment induces resistance to permeability changes 
(direct heat damage) but not significantly to enzyme 
activation (thermal enhancement of radiation dam- 
age). These results are comparable with those shown 
in Fig. 5 in which a priming heat treatment has a 
much greater effect on direct heat damage than on 
enhancement of the radiation response. 

We know of no other published data pertaining to 
the effect of prior heating on subsequent enhance- 
ment of radiation damage. However, the close 
agreement between the results of the different ex- 
periments described in the present communication 
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indicates that the effect is reproducible and is un- 
likely to be an artefact. 


CONCLUSIONS 

A priming heat treatment of 43.5°C for 40 minutes 
caused a reduction in the thermal enhancement of 
radiation damage two to four days later. 

The effect was transient, with a maximum at 96 
hours. 

At 96 hours thermal enhancement ratios for 
second treatments at 42.5°C and 43.5°C for 30 
minutes were both reduced by values equivalent to a 
decrease in temperature of about 0.4°C. 

At 96 hours the heating time at 43.5°C required 
to cause a given enhancement of radiation damage 
had to be increased by 40%. 

The magnitude of the effect was considerably less 
than the induced resistance to heat alone (after the 
same priming heat treatment the heating time re- 
quired to cause a given level of necrosis had to be 
increased by 140°) and the time of the maximum 
effect was later. These differences suggest that 
different mechanisms underlie the two effects. 


REFERENCES 

Crile, G. Jr., 1963. The effects of heat and radiation on 
cancers implanted on the feet of mice. Cancer Research, 
23, 372-380. 

Fern, S. B., Hume, S. P., Law, M. P. and Myers, R., 1977. 
The response of tissues to combined hyperthermia and 
X rays. British Journal of Radiology, 50, 129-134, 

FweLrb, S. B., and Law, M. P., 1978. 'The response of skin to 
fractionated heat and X rays. British Journal of Radiology, 
57, 221-222. 

GERNER, E. W., Boone, R., Connor, W. G., Hicks, J. A., 
and Boone, M. L. M., 1976. A transient thermotolerant 


survival response produced by single thermal doses in 
HeLa cells. Cancer Research, 36, 1035-1040. 

GERNER, E. W. and SCHNEIDER, M. J., 1975. Induced 
thermal resistance in HeLa cells. Nature, 256, 500-502. 
Haun, E. W., FerncoLp, S. M., and Kim, J. H., 1977. 
Repair of normal tissue injury from local hyperthermia. 

Radiation Research, 70, 634. 

HENLE, K. J., and DETHLEFSEN, L. A., 1978. Heat fraction- 
ation and thermotolerance: a review. Cancer Research, 38, 
1843-1851. 

Henig, K. J., and Leeper, D. B., 1976. Interaction of 
hyperthermia and radiation in CHO cells: recovery 
kinetics. Radiation Research, 66, 505-518. 

Hume, S. P., Rocers, M. A., and Fern, S. B., 1978a. Two 
qualitatively different effects of hyperthermia on acid 
phosphatase staining in mouse spleen, dependent on the 
severity of the treatment. International Journal of Radi- 
ation Biology, 34, 401-409. 

1978b. Heat induced thermal resistance and its re- 
lationship to lysosomal response. International Journal of 
Radiation Biology, 34, 503-511. 

Law, M. P., Anier, R. G., and Fievn, S. B., 1977. The 
response of mouse skin to combined hyperthermia and 
X rays. International Journal of Radiation Biology, 32, 
153-161. 

Law, M. P., Auter, R. G., and Fievp, S. B., 1978. The 
response of the mouse ear to heat applied alone or 
combined with X rays. British Journal of Radiology, 51, 
132-138. 

Law, M. P., Couttas, P. G., and Firn, S5. B., 1979. In- 
duced thermal resistance in the mouse ear. British Journal 
of Radiology), 52, 308-314. 

Leeper, D. B., Karamuz, J. E., and Henie, K. J., 1977. 
Hyperthermia-induced alterations of macromolecular 
synthesis. Radiation Research, 70, 610. 

Li, G.C., and Haun, G. M., 1978. Ethanol-induced tolerance 


Moritz, A. R., and Henriquss, F. C., 1947. Studies of 
thermal injury. II. The relative importance of time and 
surface temperature in the causation of cutaneous burns. 
American Journal of Pathology, 23, 695-720. 

SHERMAN, F. G., QuastLer, H., and Wimper, D, R., 1961. 
Cell population kinetics in the ear epidermis of mice. 
Experimental Cell Research, 25, 114-119, 

Surr, H. D., 1977. Hyperthermic effects on animal tissues. 
Radiology, 123, 483-487. 





Book review 


Roentgenology of the gall-bladder and biliary tract. Edited by 
B. Felson, pp. vii+ 150, illus., 1976 (Grune & Stratton Inc., 
New York). £10-30. 
Radiology of the Gallbladder and Bile Ducts. By R. N. Berk 
and A. R. Clements, pp. xvi-+407, illus., 1977 (W. B. 
Saunders Co., Sussex). £19-50. 

Both these books are useful additions to the available 
literature on the gall-bladder and its diseases. Both are easily 
read and contain an up-to-date bibliography. The illustra- 


tions are clear—Berk and Clements textbook is the more 
encyclopaedic and more useful as a reference source. 
Students preparing for their Part I fellowship examination 
will undoubtedly find the chapters on gall-bladder contrast 
media of great value in understanding the handling and 
chemistry of oral and intravenous cholecystographic media. 
‘These two books should be available in all training depart- 
ments, 

J. A. GLEESON. 
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The potential resolution of a Cs computerized tomographic scanner for 


radiotherapy planning 
Susan R. Grindrod, B.Sc., M.Sc. 
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Du Cane Road, London, W120HS 
(Received May, 1978 and in revised form October, 1978) 


A number of studies have been reported of the pro- 
duction of anatomical cross-sections for radio- 
therapy treatment planning by CT scanning using 
simpler and cheaper detecting systems than those in 
the current commercial CT equipment (Webb et al., 
1977; Harrison snd Farmer, 1978). Although it has 
been shown that the location and size of inhomo- 
geneities can be found, one of the problems of the 
low energy of the diagnostic X-rays used in these 
studies and in commercial equipment is that the 
linear attenuation coefficients obtained are not 
appropriate for the energy of supervoltage radio- 
therapy treatments. Additional calculation would be 
required to provide an accurate map of attenuation 
coefficients relevant to supervoltage treatment 
radiation, It has been suggested that the use of a 
source of 137Cs with its y-ray energy of 0.66 MeV 
might give the desired results directly (Monohan, 
1977), This approach, however, has its own prob- 
lems arising from the sizes and activities of possible 
sources and the resolution obtainable with them. 
These problems have been examined and some con- 
firmatory measurements have been made with simple 
transmission CT equipment using !87Cs, 


THEORY 

The theory described by Gore and Tofts (1979) 
has been used to estimate the limitations imposed by 
statistical fluctuations of photon numbers on the 
measurements of attenuation coefficients. The 
method of reconstruction employed is the filtered 
back-projection technique described by Ramachan- 
dran and Lakshminarayanan (1971). The standard 
deviation in the linear attenuation coefficient, p, is 

given by the expression: 
ieee 
ou id. MNI (1) 
where a is the pixel size in the final image and also 
the sampling interval in a projection, M is the 
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number of projections and N is the number of 
photons transmitted per sampling interval in one 
projection. 

The value for No, the number of photons from a 
source detected per sampling interval through a cir- 
cular aperture in the absence of an absorber is: 


Ta nr? 


No=k.A. aR - tdi 


.€ (2) 
where k is the number of photons emitted per curie 
per sec; A is the activity in curies; Ta/Mx is the time 
per sampling interval, where T is the total scanning 
time, x the translational scan dimension and also the 
diameter of a cylindrical absorber placed in the 
field; r is the radius of the detector aperture, d the 
source-to-detector separation and e is the detector 
efficiency. If the desired spatial resolution in the 
final image is defined by the detector aperture, r may 
be considered proportional to a. If, for practical 
convenience, the area of the detector aperture and 
the area of the pixel in the final image are equated, 
then wr? in equation (2) may be replaced by a2. 
Also: 


N=No exp [— px] (3) 
Equations (1) to (3) give: 
3.56 x 10-3 
U a (4) 


where d is 80 cm, e is 0.7, x is 40 cm and p is 0.085 
cm~}, the linear attenuation coefficient of water at 
0.66 MeV (Johns and Cunningham, 1971). 


THEORETICAL RESULTS 

Figure 1 shows the dependence of o,/p, the 
fractional standard deviation in u, on the source 
strength and pixel size when the total scanning time 
is 20 minutes, both for idealized point sources of 
137Cs and for real sources with the active diameters 
currently available (Amersham, 1977/78). A parallel 
beam of radiation has been assumed resulting in a 
reduction in the effective activity of the sources by a 
factor equal to the ratio of the areas of the beam 
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defining aperture and the source. The deviation of 
the dotted line from the solid line in Fig. 1 shows the 
extent of this effect for the real sources. 

It can be seen from Fig. 1 that for a given source 
activity a decrease in o,,/u can be obtained by in- 
creasing a. For example, to resolve a density differ- 
ence of 10%, which might require a o/u of 3%, a 55 
Ci 187Cs source would provide a spatial resolution of 
5 mm. For density differences of 3% for the same 
source strength the spatial resolution would be 7 mm. 
Density resolution is better than 19% for objects 
greater than 1 cm, using a 55 Ci source. 

In addition to deciding on the optimum compro- 
mise between spatial and density resolution, con- 
sideration must also be given to the dose to the 
patient and to the mass of shielding required to re- 
duce the leakage dose to acceptably low levels. 
Figure 2 shows the relationship between these fac- 
tors for density resolutions of 10%, 3% and 1%. 
The dose calculated is the maximum skin dose to the 
patient at a distance of 20 cm from the source for 
40 projections, which is the situation with our proto- 
type equipment. The dose received by the patient 
will not necessarily be restrictive when the tech- 
nique is used in radiotherapy treatment planning, 
since the dose will in any case be much smaller than 
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PIXEL SIZE (cm) 
102 0.3 
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T 
0° io! is 10 
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Fic. 1. 


Dependence of precision in the reconstructed image on the 

source strength and spatial resolution. The solid lines 

represent the response for an idealized point source and the 

broken lines the response for current commercially avail- 
able sources of finite size. 


the subsequent therapy dose, although the presence 
of vulnerable regions in the cross-section may make 
this allowance invalid. 


RESULTS OF MEASUREMENTS 

Measurements have been made using a prototype 
J. and P. dual-detector scanner modified for trans- 
mission tomography, utilizing a 137Cs source, nomi- 
nal activity 100 mCi, which provided a single pencil 
beam of radiation collimated to a diameter of 0.5 cm 
at the detector. Data from 40 projections of a phan- 
tom, maximum diameter 20.2 cm, containing lung 
equivalent material, ribs and sternum embedded in a 
wax material, were recorded using a Hewlett 
Packard mini-computer, then reconstructed using 
the convolution filtering technique described by 
Ramachandran and Lakshminarayanan (1971). A 
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Illustration of the relationship between the maximum sub- 

cutaneous absorbed dose, the mass of shielding required for 

the source and the spatial resolution, for density resolutions 

of 10%, 3% and 1%. The solid lines represent dose and the 

broken lines the mass of lead in the form of a tight-fitting 

sphere required to reduce the dose rate of leakage radiation 
to 2 mrad per hour at 1 metre. 
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Reconstruction of a chest phantom from 40 projections. 
Each pixel has sides 0,52 cm and each grey level represents a 
change in p of 0.0033 cm-!. 


sampling interval of 0.52 cm was used. From the 
digital printout of the reconstructed image (Fig. 3) 
an area was selected from the homogeneous tissue 
region over which the mean and standard deviation 
of u were calculated, giving a value of 0.026 cm~? for 
p and 0.16 for o/u. The wax material was originally 
designed to provide tissue equivalence at X-ray 
energies, consequently the measured value of p will 
not resemble the expected value of p at 0.66 MeV. 
To verify the statistical theory of equation (1), the 
measured value for No of 7.8 k counts/sampling in- 
terval was used in place of equation (2) because 
only nominal values were available for the activity 
and dimensions of the !87Cs source and the detector 
efficiency. N, calculated from equation (3) using the 
measured value of u, was inserted into equation (1), 
resulting in a predicted value of o,/u of 0.16, in 
agreement with the o/u obtained experimentally. 


CONCLUSION 

It may be concluded that if 187Cs is used to deline- 
ate cross-sectional tissue structure for radiotherapy 
treatment planning, avoiding excessive dose to the 
patient and a source so active that shielding be- 
comes a problem, a spatial resolution of about 0.5 cm 
may be achieved. This would be adequate for treat- 
ment planning, since the position of a contour 
representing a change in linear attenuation coeffi- 
cients covering a number of pixels could be defined 
with a greater accuracy than the 0.5 cm. The effect of 
inaccuracies in the position of edges and inhomoge- 
neities on tumour and normal tissue dose would be 
acceptably small. Also, the relative positions of 
critical organs could be obtained by tomography 
with an accuracy which would provide treatment 
plans of greater clinical value than some presently 
accepted. 


ACKNOWLEDGMENTS 
I would like to thank Dr. P. S. Tofts and Dr. J. C. Gore 
for their most helpful discussions in the preparation of this 
report, 


REFERENCES 

AMERSHAM, 1977/78. Radiation sources—industrial/labora- 
tory, p. 48-49 (The Radiochemical Centre, Amersham, 
Buckinghamshire, England). 

Gore, J. C. and Torts, P. S., 1979. Statistical limitations in 
computed tomography. Physics in Medicine and Biology, 
23, 1176-1182. 

Harrison, R. M. and Farmer, F. T., 1978. The determin- 
ation of anatomical cross-sections using a radiotherapy 
simulator. British Journal of Radiology, 51, 448-453. 

Jouns, H. E. and CUNNINGHAM, J. R., 1971. The Physics of 
Radiology. Third edition, p. 746. 

Monanan, W., 1977. Computed tomography using a Cs- 
137 source. J.E.E.E. Transactions on Nuclear Science, 
NS-24, 567-569. 

RAMACHANDRAN, G. N. and LAKSHMINARAYANAN, A. V., 
1971. Three-dimensional reconstruction from radio- 
graphs and electron micrographs: application of con- 
volutions instead of fourier transforms. Proceeding of the 
National Academy of Science, U.S.A., 68, 2236-2240. 

Wess, S. LILLICRAP, S. C., ST 2, H. and SPELLER, R., 
1977. Application of a radiotherapy simulator for imaging 
of body cross-sections. British Journal of Radiology, 50, 
152-153. 








1979, British Journal of Radiology, 52, 325-326 


Case reports 


APRIL 1979 


Diffuse infection of the spine by pseudomonas pyocyaneus 


By A. J. S. Saunders, M.R.C.P., F.R.C.R. 


X-ray Department, Guy’s Hospital, St. Thomas Street, London, S.E.1 


(Received July, 1978) 


Spinal infection arising from the paravertebral tis- 
sues is well recognized following surgery to the spine 
(Lowman and Robinson, 1966; Pilgaard and Aarhus, 
- 1969). Spinal infection developing from surgery to 
the chest is less well known. Failure to recognize the 
full significance of the initial changes lead to delay in 
instituting correct treatment. 


Fic. 1. 
Tomographic cut demonstrating paravertebral ossification 
with bridging of bodies of D9-10. 





Case History 

A fifty-year old general practitioner had a twenty-year 
history of rheumatoid arthritis. In addition to his erosive 
arthropathy he was found to have an enlarged liver and 
spleen, thrombocytopenia and leukopenia consistent with 
Felty’s syndrome. 

In March 1976, he was investigated for pneumonia and 
was found to have squamous carcinoma of his right lower lobe 
bronchus. The tumour was completely removed but his post- 
operative course was complicated by a wound infection. An 
empyema developed and although this was drained, a 
broncho-pleural fistula subsequently formed. This was 
closed by further surgery with drainage of the pleural space. 
following the resection of the posterior parts of the right 7th, 
8th and 9th ribs. Staphylococcus aureus and pseudomonas 
pyocyaneus were the organisms most frequently isolated from 
his drain. 

By October, 1976 the chest had healed and he no longer 
required antibiotics. 

He was re-admitted in November 1976 with pain in his 
right chest posteriorly. A polyphosphate bone scan demon- 
strated increased uptake in the region of the resected ribs 
and in the right side of T9 and T10. Tomography showed 
a lateral bridge of bone on the right side of T9 and T10 
(Fig. 1). Needle aspiration in this region failed to isolate any 
organisms and the pain was ascribed to scarring around the 
rib resection. A chemical nerve block was performed with 
relief of symptoms. 

In April 1977, the pain had recurred and was more severe. 
Radiographs on admission showed extensive lateral bony 
bridging from D8 to L2. The disc spaces were narrowed and 
the margins irregular. There was sclerosis of the affected 
vertebral bodies. Further needle aspiration was attempted 
and although no purulent material could be aspirated, 
following injection of saline and re-aspiration, enough 
material could be obtained for culture. A heavy growth of 
pseudomonas pyocyaneus occurred on culture. 

Following five months antibiotic treatment, including 
Gentomycin and Carbenicillin, the infection appeared to be 
eradicated as judged by a decrease in pain and increase in 
definition of the affected vertebral bodies (Fig. 2). 


DISCUSSION 

Recognition of haematogenous infection of the 
spine presents few problems. The process beginning 
in the vertebral end plate leads to loss of disc space, 
bone destruction and sclerosis. Correlating X-ray 
changes with the species of infective organisms is 
more difficult although tuberculosis and brucella 
infection can show a typical pattern. 

In this case, however, it seems more likely that 
there was contiguous spread of infection from the 
chest wall, probably enhanced by impaired immune 
response due to the patient’s rheumatoid disease. 
The initial paravertebral new bone formation with- 
out disc space narrowing would support this concept. 
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Fic. 2. 

Extensive paravertebral ossification and disc space narrow- 
ing. Following chemotherapy the margins of the vertebral 
bodies are clearly defined. 


Pseudomonas osteomyelitis is recognized as oc- 
curring in drug addicts and also as a feature of direct 
spread from an adjacent site of infection (Salahuddin 
et al., 1973). Haematogenous spread of pseudomonas 
in the non-addict must be extremely rare. 
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The use of percutaneous transhepatic cholangiography in a case of 
embryonal rhabdomyosarcoma 


By P. M. Cannon, M.B., D. A. Legge, M.B., F.R.C.R. 
Department of Radiology, Mater Hospital, Dublin 7 
and B. O'Donnell, M.Ch., F.R.C.S. 


Department of Surgery, Our Lady's Hospital for Sick Children, Dublin 12 
(Received August, 1978) 


Embryonal rhabdomyosarcoma (sarcoma botryoides) emphasizes the role of percutaneous transhepatic 
of the bile ducts is a tumour of mesodermal origin cholangiography in the management of the patient. 
characterized by the growth of large polypoid mass 

lesions (Ackerman and Rosai, 1974). This paper i eatin Caan re A 
describes a case of embryonal rhabdomyosarcoma fioepitel with E ar ie PEES S a ang d ed 
arising from the common hepatic duct of a child and palpable two centimetres below the costal margin, and a 
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Fic. 1. 


Transhepatic cholangiogram. Arrow points to totally ob- 
structed common hepatic duct. 


temperature of 37.8°C. Examination was otherwise normal. 
Haemoglobin was 13.4 gm/dl (13.4 gm/100 ml), white cell 
count 13.7 x 109/1 (13,700/mm+%), serum bilirubin 87 umol/1 
(5.1 mg/d1), direct 53 zmol/1 (3.1 mg/dl), SGOT 118 IU/1, 
SGPT 156 IU/1, alkaline phosphatase 2178 IU/1. Serum 
protein values were normal. The patient’s jaundice increased 
and this was associated with a rise in both serum trans- 
aminase and alkaline phosphatase levels. Sixteen days after 
admission treatment with corticosteroids resulted in signifi- 
cant clinical improvement and a fall in the serum bilirubin 
value to 34 pmol/l (2.0 mg/dl). However, there was a 
progressive rise in serum globulin to 51 g/l (5.1 g/dl). The 
patient was discharged after nine weeks of hospitalization 
with a diagnosis of chronic active hepatititis. 

Four weeks after discharge she was admitted to hospital 
with a history of increasing jaundice, pruritis, right hypo- 
chondrial pain, pale stools and dark urine. Her liver was now 
palpable five centimetres below the costal margin. Serum 
bilirubin was 215 pmol/l (12.6 mg/dl), alkaline phosphatase 
88 IU/1, SGOT 158 IU/1, SGPT 264 IU/1, serum albumin 
26 g/l (3.6 g/dl), serum globulin 43 g/l (4.3 g/dl) with 
raised al and a2 fractions. Percutaneous transhepatic 
cholangiography was performed and demonstrated com- 
plete obstruction of the common hepatic duct (Fig. 1). 
Rhabdomyosarcoma of the common bile duct was the only 
diagnosis suggested on these appearances. 

At surgical exploration a large lobulated mass was shown 
involving the common hepatic duct, common bile duct, a 


portion of the hepatic duct and extending behind the head of 
the pancreas. The entire mass was excised and the common 
hepatic duct anastomosed end to side to a loop of jejunum. 
There were no obvious secondary deposits at the time of 
surgery. On examination the tumour measured 12 7 x7 
cm and was diagnosed histologically as an embryonal 
rhabdomyosarcoma on the findings of typical spindle shaped 
tumour cells with characteristic cross striations. 

Since the operation the patient has been given combined 
chemotherapy with vincristine, adriomycin, and cyclophos- 
phamide at two weekly intervals. She has no evidence for 
recurrence so far, 18 months since the operation. 


DISCUSSION 

Embryonal rhabdomyosarcoma of the bile ducts is 
a rare lesion, first documented by Wilks and Moxon 
in 1875. Since then 28 cases have been described in 
children whose ages ranged from 16 months to 11 
years. The tumour has been reported in 16 females 
and 12 males and mean survival from time of presen- 
tation has been 5.3 months. The longest survival 
recorded was 16 months. Metastatic spread to lung, 
skeleton and lymph nodes may occur, but frequently 
death is due to direct extension of the tumour 
(Majmudar and Kumar, 1976; Sarrazin et al., 1977). 

Although embryonal rhabdomyosarcoma is sensi- 
tive to irradiation and chemotherapy, surgical ex- 
cision is necessary to achieve a cure and therefore 
prompt diagnosis is essential. However, most of the 
cases reported were thought to have infectious 
hepatitis and were treated as such for a month or 
more (Majmudar and Kumar, 1976). As our case 
illustrates this must be due partially to a low index of 
suspicion for such a tumour, and partially to a lack of 
a clearcut obstructive pattern in the initial clinical 
history and biochemical pattern. In such instances 
embryonal rhabdomyosarcoma should be included 
in the differential diagnosis. Percutaneous trans- 
hepatic cholangiographic studies should be under- 
taken at an early stage of investigations if early 
diagnosis is to be achieved and definitive surgical 
treatment made possible. 
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Leptomeningeal aspergillosis causing internal carotid artery stenosis 
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Fungus infection of the leptomeninges is uncommon. 
Aspergillosis is known to occur in patients with 
debillitating disease, drug addiction, chemotherapy 
and following prolonged steroid treatment (Dayal 
et al., 1974). It presents predominantly as proptosis 
and associated sinus disease due to involvement of 
the orbit and base of the skull. The diagnosis of 
aspergillosis of the central nervous system is rarely 
established pre-operatively and this case report 
highlights some of the difficulties. 


CASE REPORT 

A 22-year-old housewife first complained of headache 
during the eighth month of pregnancy. This was followed by 
retrobulbar pain and blurring of vision 22 days after delivery 
necessitating admission to the Department for Neurological 
Services, Clinical examination revealed proptosis of the left 
eye with complete ophthalmoplegia in a patient in obvious 
pain. The EEG, ultrasound and brain scan were all normal. 
Radiographic examination showed widening of the left 
superior orbital fissure with reactive basal sclerosis of the 
sphenoid (Fic. 1). The optic foramen was normal. Angio- 
graphy revealed narrowing of the internal carotid artery with 
complete interruption of flow at the level of the sella (Fig. 2). 
A biopsy of the naso-pharynx was not conclusive. 

Her condition deteriorated with worsening of the pain 
and proptosis. Repeat skull examination one month later 
showed further destruction of the orbital fissure, erosion of 
the optic foramen and opacity of the ethmoids. Angiography 
revealed more extensive narrowing of the internal carotid 
artery on the left. The right remained normal. 

At operation, pus was aspirated from the retrobulbar 
space on the left and from the floor of the anterior cranial 





Fic. 1. 


Plain film of the orbits shows normal right side and widening 
of the superior orbital fissure on the left side. 


fossa. Biopsy demonstrated aspergillus involving the lepto- 
meninges. A culture could not be obtained. The patient was 
treated with antifungal drugs but died almost a month 
later. An autopsy was not performed. 


DISCUSSION 
The presentation in this young female with ex- 
ophthalmos and painful ophthalmoplegia suggested 
a number of possibilities. The association of orbital 
fissure destruction, ethmoid and sphenoid involve- 
ment and internal carotid artery occlusion suggested 





Fic. 2. 


Left carotid angiogram shows narrowed internal carotid 
artery. The contrast medium can be visualized only to the 
sella. 
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a neoplasm. A primary carcinoma of the sphenoid 
sinus with secondary involvement of adjacent struc- 
tures was suspected. This was not confirmed by 
nasopharyngeal biopsy, a situation which has been 
previously recorded (Taveras and Wood, 1964). 
Mucocoele of the sphenoidal sinus may give a 
similar pattern of bone destruction but is not 
usually associated with occlusion of the internal 
carotid artery. 

The diagnosis was established by histological 
examination of the leptomeninges which showed that 
the hyphae were actually embedded in the arterial 
wall and the occlusion was due to these becoming 
entangled in the lumen. In this instance the fungus 
itself acted as a nidus for thrombosis. The angio- 
graphic demonstration of multiple occlusions and 
arteritis in aspergillosis has been documented 
(Newton and Potts, 1974). 

Fungal infections are opportunistic. Cerebral in- 
farction has been reported secondary to fungal 
embolism complicating aspergillous infection of 
aortic valve prosthesis (Kaufman et al., 1976). There 
are few reports of intra-cranial aspergilloma. Necro- 


tizing inflammatory vascular occlusion is usually 
rapidly fatal (Samuel, 1968). 

Another fungus disease, mucormycosis may be 
seen in poorly controlled diabetics, in pregnancy and 
in patients undergoing chemotherapy (Hedges and 
Leung, 1976). Orbital and basal bone destruction 
may occur with venous and cavernous sinus throm- 
bosis and occlusion or narrowing of the internal 
carotid artery. 
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Book reviews 


L'angiographie digestive chez l'adulte et l'enfant. By D. 
Doyon, A. Roche and P. Chaumont, pp. viii+ 182, illus., 
1978 (Editions Masson, Paris), F.192. 

ISBN 2-225-49380--4. 

The authors of this French atlas of gastro-intestinal 
angiography are two radiologists and a clinician from the 
“Hopital de Bicétre, Faculté de Médecine Paris-Sud.” 
Their presentation covers all aspects of the field ranging 
from technique, inflammatory and neoplastic diseases to 
emergency angiography in digestive pathology. There is an 
excellent section on paediatric gastro-enterology with full 
discussion on the particular problems in performing 
angiograms on the very young. Especially impressive is the 
respect the authors give to the dosage of contrast media used 
in children and to radiation protection. 

It is unfortunate for readers who are not fluent in French 
that the text, captions and extremely good index are 
completely in French, The format of each chapter consists 
of short discussions and tables of differential diagnoses, the 
emphasis being on numerous radiographic illustrations and 
line drawings. The radiographs are uniformly superb and it 
is a tribute to Gallic inventiveness that many of them are 
literally as small as postage stamps, yet the relevant infor- 
mation, be it extravasation of contrast or encasement of 
vessels, is clearly present. 

A full bibliography of both English and French authors is 
included. This concludes the book, the lack of references 
within the individual chapters making for easier reading. A 
set of challenging problem exercises forms the last section of 
a book which could well become a best seller if it were 
published in languages other than French. 

R. Dicx. 


Atlas of brain anatomy for CT scans (using EMI terminology). 
By F. C. Shipps, J. McAndrew Jones and A. TY Agostino, 
pp. vii+51, illus., 2nd edn., 1977 (Charles C. Thomas, 
Springfield, Illinois, U.S.A.), $16.75. 

The second edition of this atlas retains the format of the 
first edition in which anatomical brain sections cut at 0 deg 
and 15 deg to the orbital meatal line in the plane of the usual 
CT projections, are presented with labelled plastic overlays, 
which are very useful for self-instruction. Comparable CT 
sections are mounted opposite the 15 deg angle brain sec- 
tions. 

The subject material has been expanded to include 
chapters on artefacts, absorption values and methods of 
localizing CT data in relation to the lateral skull film and of 
obtaining corresponding brain sections from autopsy 
specimens. 

The anatomical sections are excellent, but the labelling is 
limited to the major structures and will be of value only to 
those who are commencing study of the subject. The CT 
sections are mainly of good quality, but a few are not up to 
standard and should be replaced. 

‘The scope of a future edition could be profitably increased 
by including the orbit, coronal slices and perhaps sagittal 
reconstruction, which have a logical place in a book of this 
nature. There is much unused space on which such ad- 
ditions could be made without adding to the bulk of the 
volume. 

The second edition of the atlas is a marked improvement 
on the first. Its main value is in providing anatomical 
sections corresponding to the usual CT slices and it is 
recommended for this purpose. 

Brian KENDALL. 





329 


1979, British Journal of Radiology, 52,330 


Correspondence 


(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Treatment of ankylosing spondylitis 


‘Tre Eprror-—Sir, 

Tn an article published in THe BRITISH JOURNAL or RADI- 
oLogY Smith et al. (1977) reviewed the causes of death in a 
group of patients with ankylosing spondylitis who were not 
intially treated by X rays and compared them with a larger 
and not strictly comparable group who had been treated by 
X rays at about the same time. They concluded that the 
known increased incidence of malignant tumours, including 
leukaemia, in patients treated with X rays is due to the 
treatment rather than to the disease process itself, but drew 
attention to the possibility that the increase in deaths from 
malignancies in irradiated patients may be compensated, at 
least im part, by a reduced number of deaths from other 
causes when comparison is made with the mortality ex- 
perience of patients treated in other ways. 

‘The question was therefore asked yet again whether 
treatment by radiotherapy can be justified on the grounds 
that it offers the possibility of better symptomatic relief than 
that which follows other forms of treatment and, in par- 
ticular, the suggestion was made that The British Institute 
of Radiology should organize a clinical trial to assess the 
aymptomatic improvement accruing from X-ray treatment 
of patients with ankylosing spondylitis compared with the 
treatment by non-radiation methods. It was suggested that 
on the rather unlikely assumption that treatment with X rays 
reduces mortality rates by 40% compared with other 
methods of treatment, then it would be necessary to include 
about 1000 patients in a trial and follow them for ten years to 
be 90°, certain of declaring a difference significant at the 5% 
level. However, a smaller number of patients would be re- 
quired if the criterion of effectiveness was the relief of 
aymptorns rather than death, 

A survey of consultant radiotherapists and of radio- 
therapy centres was therefore carried out and replies have 
been received from about three-quarters (157 consultants 
out of 210 and 45 centres out of 60). These radiotherapists 
indicated that over the last three years they had treated 
about 340 patients with ankylosing spondylitis, though a 
considerable number of them thought that additional 
patients would be referred in the event of a trial being set up. 
However, at least one large centre which treated 60 patients 
is doubtful as to whether it would contribute to a trial, 
another treating 40 patients has decided not to take part, 
two regional centres are unwilling to contribute patients to a 
proposed trial and at least one major London teaching 
hospital feels that such a trial would not be justified. 

| presented these figures to a recent meeting of the 
Medical Committee of the Institute with my own personal 
feeling that there is not enough support or potential support 
from radiotherapists to warrant an approach to rheuma- 
tologiats and orthopaedic surgeons to enlist their support for 
a trial. I think it unlikely that a sufficiently large number of 
patients would be recruited and I further think that, as there 
would be at best relatively few patients from each of a large 
number of centres, there would be problems in collecting in- 
formation and ensuring that the protocol was exactly ob- 
served. 

The Medical Committee agreed with this assessment, but 
there would of course be no objection to any other Body 
looking into the matter further. 

Yours, etc., 
W. M. Ross. 
Radiotherapy Department, 
Royal Victoria Infirmary, 
Queen Victoria Road, 
Newcastle upon Tyne NEI 4LP. 
(Received November, 1978) 
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The effective atomic number of mix D 


‘Tue Eprror—-Sir, 

It is well known that mix D, which was introduced by 
Jones and Raine (1949), has been widely used as a phantom 
material for photons and electrons in radiotherapy. By 
adding fillers of magnesium oxide and tianium dioxide to 
wax, they made an improvement for mix D compared with 
wax alone in terms of mechanical properties and the 
attenuation characteristics of photons. In their paper, they 
reported that “We, therefore, calculated a modified prescrip- 
tion to adjust the value to 7.42” and “Dr. Spiers found an 
experimental Z-value of 7.47 for mix D”. 

Recently, we calculated a value of the effective atomic 
number ( 2 for mix D by using the following formula. 

Z = (Lay Zi? 94/2 94 
where a; is the fractional electron content of element Zi. 
We have found a Z-value of 6.971 and an electron density of 
3.401 x 1023 electrons per gram for mix D, of which the 
elemental composition was taken from the table of HPA 
(1977). Jayachandran (1971) reported calculated values of 
7.46 and 3.395 x 1023, 
Yours, étc., 
T. HIRAOKA, 

K. KAWASHIMA. 
National Institute of Radiological Sciences, 
Anagawa, 
Chiba, 280, 
Japan. 
(Received October, 1978) 
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The calculation of effective atomic number, Z. 


THe Eprror—-Sir, 

Your correspondents (Hiroaka and Kawashima, 1979) 
are, I find, correct in stating that 6.97 is the value of Z 
for mix D (Jones and Raine, 1949) as calculated from the 
formula of Mayneord (1937), ie., Z22-94== Saizi? 4, where ai 
is the electron contribution of the element i and Zi is its 
atomic number. Unfortunately, the work sheets for this 30- 
year-old investigation are no longer available, so that the 
source of the regrettable error, responsible for the then 
published value, 7.42, can no longer be traced. I can only 
surmise that, having arrived at an effective atomic number in 
exact agreement with that similarly calculated for water, we 
were too ready to accept it without further check. Moreover, 
Spiers’s experimentally determined value for mix D 
(Spiers, 1946), 7.46, was in satisfactory accord with it. The 
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fact that Jayachandran (1971) calculated the same false 
value by the same method adds to the “comedy of errors”, 
as he aptly refers to it in a recent private communication. 

The fact remains, however, that many workers have 
found mix D to be a useful substitute for water over a wide 
range of photon and electron energies. At the higher energy 
range, where photo-electric absorption becomes negligible in 
comparison with the Compton and electron-pair production 
effects, mix D would be expected to simulate water because 
the electron density has the correct value. How, then, can we 
explain the satisfactory water-equivalence at energies 
where the photo-electric effect is by no means negligible? If 
the mix D Z-value is, in fact, too low by as much as 6%, the 
photo-electric coefficient, 7, should be about 22% less than 
that for water, Clearly, we must re-examine the validity of 
the Mayneord expression. 

According to Spiers (1946), the formula is derived from 
Walter’s (1929) empirical relationship between 7, Z and A 
(the latter being the wavelength of the radiation), namely, 
t=kZ3-94)3, and his paper shows how Mayneord’s ex- 
pression is derived, resulting in the exponent of Z being 
reduced to 2.94. I have therefore investigated the validity of 
the Walter formula, using much more recent data than were 
available in 1929. Johns and Cunningham (1969) have 
tabulated values of + (barn/atom) for a wide energy range, 
supplied by J. H. Hubble of the N.B.S., Washington. I used 
the 7 values for the atomic numbers 6, 7, 8, 13, 20 and 29 
over the energy range 0.01 to 1.00 MeV, plotting 7 as a 
function of Z on log-log paper. For each energy the plots 
could be well represented by a straight line; the gradients 
varied between 4.2 and 4.7, the average slope being 4.45. The 
exponent of Z in Walter’s formula should therefore be 4.45, 
and that for Z and Z in Mayneord’s expression 3.45, instead 
of 2.94, It is worth pointing out that in a recent review of 
attenuation coefficients, Hubble and Berger (1968) found 
that for the energy range E= 10 to 500 keV, and Z=1 to 92, 
the product 7.£32-4-5, E being in MeV, was constant within 
reasonable limits. 

The modified Mayneord formula, 73-45=: 2a; Z;3-45, is 
therefore recommended for calculating the effective Z- 
values for photon and electron radiation. For water and 
mix D the values so derived are 7.50 and 7.52 respectively, 
in very good agreement. 

The comedy of errors closes, as a comedy should, on a 
happy note, at any rate for mix D. 

Yours, etc. 
D. E. A. Jones. 
147 Cassiobury Drive, 
Watford, 
Herts. WD1 3AH. 
(Received December, 1978.) 
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Wedged fields of the Philips treatment planning 
system 


THE Epirror—Sir, 

In a recent article by Dale (1978) an evaluation of the ac- 
curacy of the Philips treatment planning system (TPS) 
teletherapy program was described, Although the general 
conclusion was favourable, Dale remarks “the TPS wedged 
isodose curves are not in quite the same agreement with our 
plotted curves as was found to be the case with non-wedged 
fields”. We think our program deserves better than this, and 
feel that the judgement of wedged fields would have been 
more positive if isodose curves from the wedge section in- 
stead of the compensator section in the program had been 
used in the comparison. 

The TPS employs an extended and improved version of 
the projective photon beam model described by Van de 
Geijn (1972). In his method compensators and wedges are 
taken into account by computation of the transmission of 
primary radiation by the filter and an elementary scatter 
distribution correction. In the TPS program the transmis- 
sion of primary radiation is computed for actual path lengths 
even for shaped filters. Recently it has also been extended to 
rectangular and irregular beam shaping blocks. 

Scatter distribution corrections related to the modified 
intensity distribution have evolved from the basic flattening 
and filter functions described by Van de Geijn (1972). These 
are dependent on the type of filter used, A compensator is 
used to compensate for oblique incidence in order to obtain 
isodoses which intersect the central axis approximately at 
right angles. The dose distribution shows little asymmetry 
and a symmetrical differential scatter correction (DSC) as 
for open beams is applied. 

Wedges serve to incline the isodose curves on purpose, 
The intensity distribution is highly asymmetrical and this 
influences the scatter distribution. For this purpose an 
asymmetrical differential scatter correction (ADSC) is ap- 
plied. This ADSC is dependent on spatial position in the 
field, field size and shape, wedge angle and photon energy. 
Isodose curves for wedged beams are renormalized to the 
position of maximum absorbed dose on the beam axis, as 
recommended by ICRU reports 10d (1963) and 24 (1976). 
For beam shaping blocks other scatter correction algorithms 
are employed. 

Dale compared plotted wedged isodose curves with com- 
puted compensated isodose curves, i.e. without ADSC and 
so for obvious reasons finds ‘‘discrepancies which tend to 
increase with increasing field size and wedge angle”. From 
extensive experiments we know that with the sophisticated 
ADSC inaccuracies are within 2% of peak dose even for 
large fields and steep wedges. 


Yours etc., 
P. A. M. VAN OVERBEEK. 
N. V. Philips Gloeilampenfabrieken, 
Medical Systems Division, 
Eindhoven, The Netherlands. 
(Received November, 1978) 
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{in reply) 


Wedged fields of the Philips treatment planning 
system 


‘Tue Eprror-——Sim, 

With reference to Dr, Van Overbeek’s letter (1979). 
Whilst accepting that it would be a fairer check on the beam 
accuracy to compare computed wedged curves with plotted 
wedged curves, it needs to be re-emphasised that in all our 
routine TPS planning the wedged fields have to be called 
from the computer as “compensators” in order to maintain 
the wedge normalization convention with which all the 
radiotherapy staff are familiar. In many hospitals it is com- 
mon practice to express the wedge field isodose curves in 
terms of the equivalent unwedged field, but this cannot be 
achieved with isodose curves from the wedge section of the 
TPS without cross-reference to tables of wedge factors. This 
point was clearly made in the original paper (Dale, 1978), 
which presents the system accuracy as it is found when the 
said planning conventions are maintained, 

Yours etc., 
R. G. Date. 
Department of Medical Physics, 
Charing Cross Hospital, 
Fatham Palace Road, 
London W6 8RF, 
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The sensitivity of the human breast to cancer 
induction by ionizing radiation 


Tne Eorror—Sir, 

In the review article by R. H. Mole (1978), the statement 
is made, “Since radiotherapy is part of the treatment for 
breast cancer and since the untreated breast is bound to 
receive some dose, the observations discussed above would 
lead to the prediction that subsequent frequency of breast 
cancer would be raised in the untreated breast and that this 
increase in frequency would be more conspicuous the 
younger the age at which treatment had been given. Both 
predictions appear to be supported by observations’. He 
then quotes Brinkley and Haybittle (1968), Waterhouse and 
Prior (1975) and MacMahon et al. (1973). 

Waterhouse and Prior relate the increased incidence of 
subsequent second primary tumours in the opposite breast 
and ovarian tumours in premenopausal patients with breast 
cancer, Their report did not relate these occurrences to 
irradiation treatment, nor is there any reference to the 
frequency of irradiation in these patients. I do not feel that 
this reference can reasonably be used as evidence to support 
Mole’s hypothesis. In Brinkley and Haybittle’s article, the 
patients analysed included both patients who received radi- 
ation therapy and those who did not. In that article, the 
authors did not imply or state that radiation was responsible 
for the increased incidence of breast cancer in the other 
breast. 

if one reads MacMahon et al.'s article carefully, one notes 
that multiple bilateral primary breast cancer has been re- 
ported in a number of series with a frequency from seven to 
15%. Urban (1969) has reported that women undergoing a 
random biopsy of the contralateral breast at the time of 
mastectomy had a bilaterality rate of 20%. Neither Mac- 
Mahon’s ner Urban's reports refer to patients who re- 
ceived any radiation or radiation therapy for breast cancer. 


Therefore to imply, as Mole does, that radiation therapy 
for primary breast cancer might be associated with the 
development of secondary breast cancer in view of the 
evidence he presents and evidence cited is, in my opinion, 
unwarranted. 

Yours, etc., 

S. H. Levirr. 

Department of Therapeutic Radiology, 
University of Minnesota Medical School, 
Box 494 University Hospitals, 
420 Delaware Street SE, 
Minneapolis, Minnesota 55455, 
USA. 
(Received August, 1978, revised November, 1978) 


REFERENCES 

BrinkLeyY, D., and HAYBITTLE, J. L., 1968. A 15-year 
follow-up study of patients treated for carcinoma of the 
breast. British Journal of Radiology, 41, 245—221. 

MacManon, B., Cour, P., and Brown, J., 1973. Etiology of 
human breast cancer: a review. Journal of the National 
Cancer Institute, 50, 21-42. 

Mote, R. H., 1978. Review article. The sensitivity of the 
human breast to cancer induction by ionizing radiation. 
British Journal of Radiology, 51, 401-405. 

Urgan, J. A., 1969, Bilateral breast cancer. Cancer, 24, 
1310-1313. 

WATERHOUSE, J. A. H., and Prior, M. P., 1975. Breast 
cancer in young women. British Medical Journal, 3, 434. 


(In reply) 


The sensitivity of the human breast to cancer 
induction by ionizing radiation 


THe Eprror—-Sir, 

Dr. Levitt and I must have differed in our understanding 
of the word ‘‘appear” in my sentence ‘‘Both predictions 
appear to be supported by observations.” After citing 
several I went on ‘‘However there is as yet no evidence to 
tell how much of these observed differences may be attri- 
buted to biological factors and how much, if any, to radio- 
therapy”, intending to contrast appearance with evidence. 
Published articles on breast cancer which have not con- 
sidered the possibility of induction by radiotherapy, like 
those cited by Dr. Levitt, cannot be regarded as bearing on 
that question. If the development of breast cancer in excess 
of the expected follows mutiple diagnostic exposures and 
radiotherapy of benign breast lesions, is it really un- 
warranted to raise the possibility that radiotherapy can do 
this also? 

Yours, etc., 
R. H. Mote. 
MCR Radiobiology Unit, 
Harwell, Didcot, 
Oxon OX11 ORD. 
(Received January, 1979) 


Number of casualty attenders referred for 
X-ray examination 


Tue Eprror—SiR, 

The excellent paper on the problems of X-ray wastage 
(Boulis et al., 1978) restated a claim made in a leading 
article in the British Medical Journal (1977) that two thirds 
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TABLE I 


CASUALTY ATTENDERS REFERRED FOR X-RAY EXAMINATION 
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| Attenders X-rayed 
Type of Full time Casualty Number of first time 
Hospital | hospital Year Consultant in post attendees to casualty Number |% of first time attenders 
MT 1973 No 31 308 15365 49 
1976 Yes 30377 14199 47 
MT 1973 No 19725 7896 40 
1976 Yes 23298 10545 45 
MT 1973 No 38097 22874 60 
1976 No 36267 24267 67 
MT 1973 NA NA NA NA 
1976 No 36390 13302 37 
MT 1973 Yes 22000 14520 66 | 
1976 Yes 48000 31680 66 
MT 1973 NA NA NA NA 
1976 Yes 30205 13054 43 
MT 1973 No 52660 19410 37 
1976 No 50426 23 308 46 
MD 1973 Yes 37946 13050 34 
1976 Yes 38111 14995 39 
MD 1973 Yes 36650 15987 44 
1976 Yes 37605 15723 42 
MD 1973 No 15856 6408 40 
1976 No 20237 7547 37 
MD 1973 No 47154 14343 30 
1976 No 41805 13349 32 
MD 1973 NA NA NA NA 
1976 Yes 35754 17195 48 
MD 1973 No 20510 7104 35 
1976 No 22159 7720 35 
cD 1973 No 5006 2519 50 
1976 No 4511 2630 58 
cD 1973 NA NA NA NA 
1976 No 11076 4652 42 
cD 1973 NA NA NA NA 
1976 Yes 25074 12492 50 
cD 1973 No 17111 10312 i 60 
1976 Yes 20611 12645 61 
CD 1973 Yes 25677 15580 61 
1976 Yes 25111 15053 60 
S CD 1973 No 30057 14250 47 
1976 No 31452 14178 45 
T cD 1973 NA NA NA NA 
1976-7 Yes 19898 8086 41 
U cD 1973 No 36550 14976 nE a 
1976 No 37280 12438 33 
Vv cD 1973 Yes 42728 22635 53 
1976 Yes 41315 21992 53 
| 


MT = Metropolitan Teaching Hospital; MD == Metropolitan District Hospital; CD =Country District Hospital; NA = Not 


available. 
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ef all new casualty attenders have an X-ray examination. 
‘The British Medical Journal leader had used figures from 
ene hospital only. It is worth recording that the average 
number of casualty attenders referred for X-ray is in fact 
considerably less than 67°. 

The radiology department of St. George’s Hospital, 
London, recently completed a study of over 2000 casualty 
attenders (de Lacey, 1976; de Lacey et al., 1978; de Lacey 
and Bradbrooke, 1978; de Lacey and Guilding, 1979). Sub- 
sequent to this study I sent a questionnaire to 62 hospitals in 
the United Kingdom and Eire. Many hospitals under- 
standably had difficulty obtaining figures, but detailed 
replies were received from 22 X-ray departments (Table I). 
Most hospitals gave figures for first time attenders to 
casualty, and those who could only give the total number of 
attenders are only included in Table I if they stated that the 
pena as numbers not attending for the first time was very 
small. 

During 1973, 47%, of first time attenders to casualty were 
referred tor X-ray examination in these hospitals. In 1976, 
less than half of the attenders (47°) were again referred for 
X-rays. These figures probably err on the high side. This is 
because some hospitals could only give the total number of 
patients X-rayed in casualty, and this included some GP 
requests and/or emergency bed service admissions, and/or 
some fracture clinic patients. These additional patients will 
contribute to a falsely high reading as regards casualty 
attenders sent for X-ray, 

This small survey includes figures from Metropolitan 
Teaching Hospitals (MT in Table I), Metropolitan District 
General Hospitals (MD) and Country District General 
Hospitals (CD). It is surprising that some casualty units 
X ray nearly 70°, of attenders and others only 30%, though 
the reasons are not immediately obvious, nor is the effect on 
X-ray referral of a full-time Casualty Consultant. There are 
probably several explanations for the disparity, one of 
which could be blanket X-ray policies which may be in 
precion ed an edict that all head injuries must have skull 

-rays (Brindle, 1978) 


Yours, etc., 
G. DE LACEY. 


Northwick Park Hospital and Clinical Research Centre, 
Watford Road, 

Harrow, 

Middlesex HAI 3UJ. 

(Received November, 1978) 
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Iconoscopy 


Tue Epirror—Sir, 

Further proposal: That the international term “iconoscopy”’ 
should be used to include all activities associated with body- 
imaging. 

C. B. A. J. Puijlaert in his interesting letter (Puijlaert, 
1978) proposes the name ‘“‘medical iconography” to include 
all “‘body-imaging”’ techniques. There is no doubt that any 
new name finally adopted must meet the criteria he enumer- 
ates and initially “medical iconography” sounds a good 
candidate. However, are not the objections Dr. Puijlaert for- 
mulates in his second paragraph too important to be 
ignored? All the more so since “iconography” does not only 
mean the description of paintings, but also the illustration of 
a subject by pictures, and in a much broader sense, the 
assembling and listing of all the iconic documents associated 
with a subject or person. As such it could already be 
associated with medicine (the iconography of 17th century 
medicine for instance might well include engravings of con- 
temporary surgeons or hospitals as well as anatomical en- 
gravings of the time) and this could cause confusion. 

The same applies also to “iconology” (para. 7), the 
description, history or analysis of artistic symbolism, often 
associated with the theories of Erwin Panofsky (Panofsky, 
1972), There again the term might well be applied to 
aspects of medicine and lead to confusion (it might for in- 
stance be used to mean the elucidation of symbols like 
Aesculapius’ snake ete.). Since there is a case for using the 
same root both for the name of the science and that of its 
practitioners, could not “iconoscopy” (and “‘iconoscopist’’) be 
used instead, since all those who use body-imaging tech- 
niques use them not so much by making them as by lookin 
at them with an eye trained by knowledge and experience? 
These words have not yet been used and could be not 
associated with any other discipline or practice. Neither 
“medical” nor ‘‘diagnostic” should be necessary. The word 
“iconoscope”’ exists, and refers to the oldest electronic 
analysing device for converting the optical image in the 
television camera into a sequence of electrical signals, and 
this is now obsolete. The suffix “scopy” could easily be 
applied to all the other roots indicated by Dr. Puijlaert in 
para. 8 except that, in order to avoid confusion, the old term 
“radiology” would doubtless still be used instead of “‘radi- 
oscopy”’. The distinction between radiologist and radi- 
ographer could be preserved as “iconoscopist’”’ and ‘“icon- 
ographer”, since the latter word in one of its present 
senses—‘‘a maker or designer of figures or drawings, 
especially of a conventional or mechanical type” (Webster, 
1961)}—- corresponds to the technical expert's activity. 





Yours, ete., 
K. W. Lavers, 


Department of Radiodiagnosis, 
Enfield District Hospital, 
Chace Wing, 

Enfield, Middlesex EN2 8JL. 


A. LAVERS. 
Department of French Language and Literature, 
University College, 
Gower Street, 
London, W.C.1. 
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Photographic effect of varnish 


Tue Epiror—Sir, 

It is well understood that X-ray film must be stored with 
care, and in particular, any film container must be light tight 
and placed out of the way of penetrating radiations, What 
may not be as well known is the hazard of producing serious 
film fogging from exposure of the emulsion to surfaces that 
are apparently photographically inert. We would like to 
publicize a powerful fogging action which we have recently 
encountered, arising from ordinary polyurethane varnish 
used to seal and stain the inner wooden surfaces of a film 
hopper. Films left against the inside of a newly constructed 
hopper treated with a single coat of matt polyurethane 
varnish (Ronseal) for 24 hours showed an overall aver- 
age density of 0,8 upon development. Even some weeks 
after the application of the varnish, it still produced a 
serious fog with conventional rapid process film. All other 
sources of the fogging (such as the wood itself, light leaks, 
X-ray penetration, or even of turpentine in the paint brushes 
used) have been eliminated by controlled experiments. Of 
some particular interest is the pattern of the fogging. For 
thick coats, the radiograph will show the individual brush 
strokes, while thin coats give a faithful (and rather attractive) 
reproduction of the wood grain, presumably because of the 
differential absorption of the varnish. 

Apparently similar such effects have been reported before, 
and they are often attributed to the action on the film of 
reducing agents, such as hydrogen peroxide, produced when 
paints harden. However, we feel that many X-ray depart- 
ments will not be sufficiently aware of the trouble that may 
be caused by such a commonly used material, and may be 
grateful for being forewarned. 

Yours, etc., 
Joyce F. ANDREWS, 
J. C. GORE, 
G, HOOKER. 
Departments of Diagnostic Radiology 
and Medical Physics, 
Hammersmith Hospital, 
Du Cane Road, 
London W12 OHS. 
(Received November, 1978) 


Digital electronic watches and X-ray examinations 


THE Eprror—Sir, 

Recently, two patients undergoing X-ray examinations at 
Whiston Hospital complained that their digital watches had 
stopped at the time of the examination. It then emerged that 
a medical physics technician had independently noted that 
his digital watch had apparently been affected following the 
performance of radiation safety surveys in diagnostic X-ray 
departments and the watch is no longer capable of correct 
operation. 

To investigate this problem, two digital watches were 
subjected to a wide range of radiation exposures from a 
diagnostic X-ray machine but no observable detrimental 
effect occurred. We also wrote to the company marketing 
the watches and received the following reply. 

“Watches of the type mentioned by you use CMOS chips, 
which can be affected by radiation; in some cases they re- 
cover. There is still somewhat of a grey area in CMOS tech- 
nology and it is suggested that watches should not be worn 
in an area of high radiation. The product may be damaged in 
the presence of a magnetic field and you may know whether 
this applies to X-ray equipment.” 

These events may have been fortuitous but we should be 
interested to learn of any similar episodes. In the meantime, 
it may be prudent to ask patients with digital watches to re~ 
move these prior to X-ray examinations and to place the 
watches well away from the X-ray generator. 

Yours, ete., 
G. ANSELL, 

Department of Radiology, 
Whiston Hospital, 
Merseyside. 

E. T. Henspaw. 
Radiological Protection Adviser, 
Mersey Region. 
(Received December, 1978) 





Book review 


Radiology Study Guide. By K. Simpkins, pp. 215, illus. 
(University of Leeds). £5-50 UK; £650 overseas. 

An interesting transformation ‘takes place in candidates 
sitting the F.R.C.R. examination. Before the event most 
candidates regard it with trepidation as a formidable hurdle. 
After the examination one of two attitudes develops. Those 
who have failed are confirmed in their view that the exam- 
ination is unduly difficult; that the examiners are somewhat 
less than fair and that the College authorities have manipu- 
lated the pass rate in order to keep passes down. Successful 
candidates, on the other hand, suddenly realize that the 
examination is fair and that there would be no point in 
having a fellowship if the standards are not kept high. 

Examiners are constantly heard to say that candidates fail 
themselves, since many do not know how to prepare for the 
battle. This is where Dr. Simpkins’ book will prove its value. 
Those already familiar with his writings will know what to 
expect (the others, incidentally, should proceed to their 
library forthwith and repair the defect). The book has all the 


wit and good sense one could hope for, and is nicely spiced 
with amusing illustrations. 

It falls into two parts. The first part consists of general 
advice on how to prepare for and how to behave during the 
examination. Notwithstanding the occasional dig at the 
examiners, this is all good stuff and should be taken to heart 
by candidates. 

The second part is perhaps even more valuable. It consists 
of a list of suggested reading. This has been very carefully 
selected, and the great thing about it is that it is realistic. It 
should be quite possible for any candidate to cope with the 
material in the three years available to him. If he has read and 
retained it he should have very little difficulty in passing the 
F.R.C.R.—provided, also, that he has enough practical ex- 
perience at film interpretation. 

‘The book is to be thoroughly recommended to candidates, 
and Dr. Simpkins should be congratulated on his enterprise 
in having written it. 

F. Srarer. 
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Abstracts of papers read at The British Institute of Radiology Thirty-sixth Annual Congress and Joint Meeting 
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Royal College of Radiologists and Royal Society of Medicine (Section of Radiology) held at the R.I.B.A. 


66 Portland Place, London W1 on April 13-14, 1978 


Assessing pelvic tumours 


Chairman: Dr. R. Morrison 
Diagnostic ultrasound, by Patricia Morley. 
Lymphography, by J. S. Macdonald. 


Computed tomography in pelvic tumours, by Janet E. Husband. 
Lymphoscintigraphy of the pelvis, by M. V. Merrick and A. E. Kirkpatrick. 
Comparison between ultrasound and computer tomography in the pelvis, by D. H, W. Schönfeld and P. F. G. M. van Waes. 


DIAGNOSTIC ULTRASOUND 
By Patricia Morley 


Department of Diagnostic Radiology, Ultrasonic Unit 
Western Infirmary, Glasgow G11 6NT 


Ultrasonic assessment of pelvic pathology depends upon 
accurate reproduction of cross sectional detail combined 
with analysis of the morphology and acoustic properties of 
identified mass lesions. High frequency transducers and 
carefully selected sensitivity are employed to demonstrate 
soft tissue detail, For complete assessment, examination of 
the renal tract, liver, abdominal nodes and peritoneal 
cavity may be necessary. 

Ultrasound has for years been established as the pro- 
cedure of choice in differentiating cystic and solid mass 
lesions. This information is frequently used only to confirm 
a clinical diagnosis prior to laparotomy and may therefore 
not alter management of the patient significantly. In a large 
series of histologically confirmed ovarian tumours ultrasound 
was only marginally better at confidently diagnosing ovarian 
malignancy than a competent clinical examination, A more 
detailed analysis demonstrated that the ultrasonic scan 
identified signs associated with malignancy in a higher pro- 
portion of stage I and stage I] tumours than did the clinical 
examination, though with stage HII tumours there was no 
significant difference. However, attempts at pre-laparotomy 
clinical staging of these tumours by ultrasound was too in- 
accurate to be of clinical value and a significant proportion 
of a series of histologically benign tumours had echographic 
features which could be associated with malignancy. Though 
limited in the diagnosis and clinical staging of ovarian malig- 
nancy, serial scanning can detect recurrence or extension of 
the disease before it is clinically evident and post laparotomy 
altrasonic monitoring is advocated. 

Similar problems were encountered in the diagnosis and 
attempted staging of invasive endometrial carcinoma and a 
small group of leiomyosarcoma. However serial scanning 
after treatrnent accurately demonstrated local recurrence. 
Patients with carcinoma of the cervix were examined. Ultra- 
sonic changes in the pelvic soft tissues could be defined in 
stage IHIB, HIB and IV. Scans after diagnosis may be of 
vulue in pretreatment clinical staging, the examination being- 
complementary to other conventional methods. Experience 
with a small number followed up after treatment showed 
that recurrence could be defined and suggested that radi- 
stion fibrosis and recurrent tumour may have different 

* acoustic properties. 
Over 300 patients with epithelial bladder tumours have 


been examined. Ultrasonic clinical staging was found to be 
accurate with the more invasive tumours and compared well 
with most radiographic methods of staging. However, 
differentiation of deep muscle invasion from early extension 
through the serosal coat was unreliable, and a confident 
diagnosis of involvement of other pelvic viscera could 
rarely be made. Conventional methods of clinical staging are 
accurate with superficial tumours but are poor when assess- 
ing invasive tumours; the converse applies to the ultrasonic 
examination and ultrasound is indicated as a complementary 
method of clinically staging bladder tumours and in monitor- 
ing invasive tumours during and after treatment. 

Though it is now possible to obtain significantly useful 
information which can be used in diagnosis and, more 
effectively, in management after diagnosis, there are still 
limitations imposed by restricted sensitivity and in- 
adequate resolution. There is also a lack of information on 
the acoustic properties of tissues in differing pathological 
processes and there is no established method of measuring 
these changes in vivo. If these limitations can be overcome 
ultrasound will become an even more significant diagnostic 
investigation. 


LYMPHOGRAPHY 
By J. S. Macdonald 


Department of Diagnostic Radiology, The Royal Marsden 
Hospital, Downs Road, Sutton, Surrey 


The lymphatic system is an important avenue of tumour 
spread and the elaboration of lymphography has contributed 
to the understanding and control of certain tumours. ‘The 
more orderly the spread of the tumour, the more valuable the 
contribution of lymphography. The oily contrast medium 
remains in the nodes for long periods; this valuable asset 
should be used, and the concept of lymphography as a 
dynamic investigation is important, 

Lymphography is a direct investigation and within its 
limits shows the nodes and the storage pattern of the con- 
trast medium within them giving helpful information about 
possible pathology and whether a node is enlarged due to 
secondary deposit, lymphoma or reactive change. 

Lymphography has the advantage that once the nodes are 
opacified their behaviour can be rapidly assessed by the use 
of a plain radiograph and the progress or extension of 
disease can be monitored. Spread out of the pelvis to the 
para-oartic nodes can radically alter the treatment. 
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If lymphography is omitted then an incomplete picture 
will be seen in 27%, stage I carcinoma of the cervix, 20% 
carcinoma of the body of uterus, 23% carcinoma of the 
ovary, 30% of Ty and T's carcinoma of the prostate and 23% 
of Ts carcinoma of the bladder. 


COMPUTED TOMOGRAPHY IN PELVIC TUMOURS 
By Janet E. Husband 


The Royal Marsden Hospital and Institute of Cancer 
Research, Downs Road, Sutton, Surrey SM2 5PT 
We are investigating the value of computed tomography 
(CT) in pelvic malignant disease since these tumours can 
present problems not only in initial clinical staging but also 
in defining the effect of treatment and in the detection and 
assessment of recurrence. 

One hundred and sixty-one scans have been performed in 
122 patients with carcinoma of the cervix, uterus, ovary, 
rectum and bladder. Normal CT findings in these tumours 
are described and difficulties encountered both in tech- 
nique and interpretation discussed. The CT findings in 25 
patients with carcinoma of the bladder have been compared 
to the initial clinical stage. The results indicate that there is 
good correlation in 80% of patients but in addition CT 
gives valuable information in detecting the presence and 
extent of extra-vesical spread. We have used CT in an 
attempt to identify enlarged lymph nodes in the pelvis. 
Lymphograms were performed before the CT scan in 23 
patients and the findings were compared. The results have 
been disappointing since only one out of seven patients 
with a positive lymphogram showed extra evidence of nodal 
disease with CT. 

In 11 patients CT scans were performed after radio- 
therapy to monitor the effects of treatment. More than half 
the patients showed good tumour regression, whereas the 
remainder showed poor regression. 

From this small series it may be concluded that CT is 
likely to be a valuable technique in the management of 
bladder tumours, particularly in demonstrating extra-vesical 
disease and in defining response to treatment. 


LYMPHOSCINTIGRAPHY OF THE PELVIS 
By M. V. Merrick and A. E. Kirkpatrick 


University of Edinburgh, Department of Medical Radiology 
Western General Hospital and Royal Infirmary 


Five techniques have been proposed as means of visualizing 
malignant involvement of lymph nodes of the pelvis. 

1. The intravenous administration of so-called tumour 
localizing agents such as ®’Ga salts. There is ample evidence 
that these agents are even less reliable in the pelvis than they 
are in other sites, partly because of confusion with excreted 
activity remaining in the bowel, and partly because of un- 
reliable and poor concentration of these agents within the 
tumour. 

2. The intralymphatic administration of ®7’Ga salts by 
bipedal lymphography. This has been performed in 27 
patients undergoing lymphangiography, the injection of 
67Ga immediately preceding that of lipiodol. In no case was 
tumour in pelvic or para-aortic lymph nodes visualized by 
this technique. 

3. The intralymphatic injection of 9° Tc™ albumin. Initial 
reports (Steckel et al., 1978) suggest that observation of flow 
rates and flow patterns may be of value. This technique is as 


time-consuming as lymphangiography, but avoids the 
potential embolic hazards of iodinated oils. It may therefore 
be of use as a screening procedure in patients at particular 
risk from conventional lymphography. Additional ex- 
perience is necessary to confirm this. 

4. Intralymphatic injection of colloids. It has been sug- 
gested that disturbances of lymph-node function may occur 
early in malignant involvement, and possibly before 
deposits are large enough to be visualized by contrast 
lymphangiography. The evidence to support this hypothesis 
is meagre, and the lack of an ideal colloid preparation is a 
further complication. 

5. Indirect radionuclide lymphangiography. Subcuta- 
neously administered colloid is cleared to regional lymph 
nodes. }88Au has been widely used (Zum Winkel and 
Scheer, 1965) despite its unfavourable radiation character- 
istics. Technetium labelled colloids are of larger particle size 
than gold colloid, and in consequence less passes beyond the 
most proximal lymph node group. Visualization of the more 
important distal nodes is therefore not as good. The tech- 
nique has never achieved widespread acceptance. 

The role of radioisotope techniques of investigation of the 
pelvis is therefore at present limited. There is a substantial 
need for better radiopharmaceuticals, 
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COMPARISON BETWEEN ULTRASOUND AND COMPUTER 
TOMOGRAPHY IN THE PELVIS 


D. H. W. Schonfeld and P. F. G. M. van Waes 


Department of Nuclear Medicine, Academisch Ziekenhuis, 
Utrecht, The Netherlands 


In our department we have been using CT scanners since 
mid-1977. Most patients examined for disease of the pelvis 
were also evaluated by means of ultrasound. In this relative- 
ly short time we have evaluated over 80 patients with sus- 
pected pelvic pathology with both modalities. Even though 
the number of patients is not great enough to enable us to do 
any statistical evaluation we do feel we can express some 
preliminary opinions. 

Bladder: in the case of bladder pathology both modalities 
have their merits. Ultrasound is quite capable of finding 
bladder carcinoma and gives additional information on 
staging. A 3.5 mHz transducer has to be used. CT scanning 
is however more efficient in delineating extension into the 
various structures. 

Uterus: in this area ultrasound is very well able to demon- 
strate pathology. In our experience CT scanning rarely adds 
any additional information. 

Prostate: both modalities are able to show the volume of 
the organ. Ultrasound has the benefit that it can differentiate 
between carcinoma and prostatitis. 

Ovary: recently W. F. Sample has shown that by means of 
ultrasound it is possible to depict the normal ovary and 
assess any possible pathology. We have not been able to 
show normal ovaries on the CT scanner. In the case of 
ovarian tumours both modalities showed any ascites which 
might be present and both showed the size of the tumour, 
but only CT scanning was able to image its complete extent 
and any soft-tissue involvement. 

Lymph nodes: in deciding whether or not nodes are en- 
larged, we found CT scanning to be far superior to ultra- 
sound in the pelvis. In order to evaluate them correctly we 
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consider it necessary to have a lymphangiogram done prior 
to the CT scan. In addition thorough filling of all the in- 
testine with gastrografin is essential in order to be able to 
delineate the lymph nodes. In most cases ultrasound was 
unable to do so because of bowel gas. At present we con- 
sider the use of lymphangiography and CT scanning the 
most worthwhile combination when looking for lymph node 
metastases in the pelvis. CT is essentially worth while when 
huge lymph nodes or even whole chains have not been filled 
with contrast in lymphangiography. 

Soft tissue: the CT scan was found to be better in 
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evaluating the extent of masses originating from such soft 
tissues as the intestine and muscle. Ultrasound can image 
these masses in many cases but does not show up neigh- 
bouring tissue involvement as well as CT. It did however 
sometimes demonstrate the exact nature of the mass, such as 
an abscess or a solid tumour. 

In conclusion, we found the combined use of ultrasound 
and CT to be most beneficial in the evaluation of pelvic 
disease. When considering pelvic metastases to lymph nodes 
CT was especially valuable when combined with lymph- 
angiography. 


Skull X-rays and CT scanning soon after head injury, by B. Jennett. 


Angiography in head trauma, by H, O. M. Thyssen. 


Nuclear medicine techniques in the investigation of trauma of the head and thorax, by M. N. Maisey. 


Aspects of cavernous sinus fistulas, by F. Peeters. 


Computed tomography of closed head injuries, by E. H. Burrows. 


SKULL X-RAYS AND CT SCANNING SOON AFTER HEAD 
INJURY 


By B. Jennett 


University Department of Neurosurgery 
Institute of Neurological Sciences, Glasgow G51 ATF 


Detection of skull fracture after recent head injury is an 
essential component of assessment, particularly when the 
patient in casualty is fully conscious. In such patients a 
linear fracture increases the probability of an intracranial 
haematoma by about 400 times; in the comatose patient a 
fracture increases the risk by 20 times. Over 75% of patients 
with intracranial haematoma have a fracture (90% of adults 
with extradural haematomas), All patients who develop 
intracranial infection after recent trauma have a skull 
fracture. Failure to recognize compound depressed frac- 
ture if the vault or an open fracture of the base results 
in a much higher infection rate in civilian Britain than in 
American military hospitals in the Far East. Competent 
skull radiography in accident departments could reduce the 
number of admissions following mild head injury in Britian 
by 100,000 a year; good equipment, well instructed radi- 
ographers and casualty clinicians adequately trained to in- 
terpret the films are essential. 

CT (EMI) scanning reliably detects intracranial haema- 
toma, which is life-threatening and remediable. Mortality 
and morbidity remains high due to the delayed recognition 
of this complication, and this could be considerably re- 
duced if more patients could be scanned during the first 24 
hours after injury. Whole body scanners in general hospitals 
would be adequate for this purpose; moving of head injury 
patients to the nearest scanner is a strategy which must be 
considered in view of the scarcity of scanners. 


ANGIOGRAPHY IN HEAD TRAUMA 
By H. O. M. Thyssen 


Department of Neuroradiology, St. Radboud Ziekenhuis 
University of Nijmegen, R. Postlaan 4, Nijmegen, 
The Netherlands 


Recognition of extracerebral haematomas is essential since 
operative evacuation is generally necessary. The angio- 
graphic diagnosis of the acute subdural or epidural haema- 


toma, which show a rind-shaped or biconvex avascular 
space is well known. 

However, in cases of a fronto-lateral or a temporo- 
occipital epidural haematoma such an avascular space is not 
always visible in the standard angiographic projections; 
special oblique projections may be necessary. 

A problem in angiographic diagnosis is the subtemporal 
epidural haematoma which cannot be seen as an avascular 
space because of its location. It causes elevation of the trunk 
of the middle cerebral artery and has for this reason to be 
differentiated from an intracerebral temporal contusion or 
haematoma. 

This differentiation depends on two criteria. The first 
uses the configuration of the vascular tree of the middle 
cerebral artery, the second, the course of the anterior ramus 
of the middle meningeal artery. The first series of criteria 
were developed from a model that describes the trunk of the 
middle cerebral artery, the insular and temporal cortical 
arteries as transverse meridians around the avoid body of the 
temporal lobe. 

The use of this model in angiographic interpretation and 
comparison with operative findings disclosed that a gyrate 
course of the elevated trunk of the middle cerebral artery, its 
insular and opercular branches proved to be typical of intra- 
cerebral temporal contusion or haematoma. A rectilinear 
course of the trunk of this artery in conjunction with pseudo- 
elongation by insular branches was typical of the sub- 
temporal epidural haematoma. 

The second group of criteria emerges from the location of 
the dura mater at the skull-base of the middle cranial fossa. 
Dislocation of it by a subtemperal epidural haematoma can 
be diagnosed by the abnormal course of the anterior branch 
of the middle meningeal artery. The optimal angiographic 
projections, variations and aberrations in its course are 
demonstrated. Correct interpretation of its course provides 
further evidence for differentiating an intracerebral tem- 
poral haematorna or contusion from a subtemporal epidural 
haematoma. 


NUCLEAR MEDICINE TECHNIQUES ON THE 
INVESTIGATION OF TRAUMA OF THE HEAD AND THORAX 
By M. N. Maisey 


Department of Nuclear Medicine, 
Guy's Hospital, London, S.E.1 | 


The accuracy of brain scanning in the diagnosis of subdural 
haematoma is 85-90% in different series. This increases to 
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an accuracy of up to 95% when static brain imaging is com- 
bined with dynamic perfusion studies, especially in children. 
Nuclear medicine investigations play a small part in the in- 
vestigation of selected patients with extradural haematomata, 
cerebral contusion and traumatic CSF rhinorrhoea. Lesions 
simulating subdural haematomata include skull and scalp 
disease, epidural collections, meningitis, cerebral contusion 
and peripheral metastases. Radionuclide studies of the chest 
following trauma include bone scans for spinal and rib in- 
jury, perfusion and ventilation lung scans for blunt non- 
penetrating trauma and inhalation trauma, thallium?¢! 
myocardial perfusion scans and **T'c™ labelled red blood 
cell MUGA following cardiac trauma. Trauma to the liver 
and spleen is frequently associated with thoracic trauma and 
can be detected using the routine 9Tc™ sulphur colloid 
liver/spleen scan with a low incidence of false negative re- 
sults. Nuclear medicine with its advantages of simplicity, 
low morbidity and the introduction of mobile gamma 
cameras has an important part in the investigation of trauma. 


ASPECTS OF CAVERNOUS SINUS FISTULAS 
By F. Peeters 


Radiological Institute, Wilhelmina Gasthuis, University 
Hospital, University of Amsterdam, The Netherlands 


‘There are three types of carotid-cavernous fistula: 

1. Dural internal carotid cavernous sinus fistula: com- 
munication between meningeal branches of the internal 
carotid artery and the cavernous sinus; 

2. Dural external carotid cavernous sinus fistula: com- 
munication between meningeal branches of the external 
carotid artery and the cavernous sinus; 

3. Direct internal carotid cavernous sinus fistula: direct 
communication between the intracavernous part of internal 
carotid artery and the cavernous sinus. 

Fistulae of the dural type often develop spontaneously. 
The flow through the fistula is slow, the clinical symptoms 
are mild, and spontaneous closure is not rare. 

Direct fistulae develop post-traumatically or due to rup- 
ture of an aneurysm. The flow through the fistula is rapid 
and the clinical symptoms (exophthalmos and oculomotor 
paralysis) are severe. 

Embolization after selective catheterization is the method 
of choice in the treatment of dural fistulae from the external 
carotid artery. In the treatment of dural fistulae from the in- 
ternal carotid artery, occlusion of the internal carotid artery 
in the area of the meningeal vessels by means of a small 
balloon is a promising procedure. 


Today, direct fistulae between the internal carotid artery 
and the cavernous sinus can be closed with the aid of a 
balloon in the cavernous sinus; this technique, known as the 
inflatable and released balloon technique, has the important 
advantage that the internal carotid artery remains patent. 

The roentgenographic and therapeutic features of the 
various types of cavernous sinus fistula are discussed with 
reference to a series of 18 patients. 


COMPUTED TOMOGRAPHY OF CLOSED HEAD INJURIES 
By E. H. Burrows 
Wessex Neurological Centre, Southampton 


Computed tomography of the brain is the primary in- 
vestigation of choice in acute head injuries, because it tells 
the surgeon whether operative intervention will benefit or 
harm the patient. The diagnostic picture of the intracranial 
compartment provided is unequalled by any other in- 
vestigation that can be performed in life, and is surpassed in 
the yield of clinical information only by post-mortem brain 
cutting. Skull radiography and carotid angiography are of 
lesser value and, if carried out subsequently, seldom provide 
any further useful information (Merino-de Villasante and 
Taveras, 1963). Extracerebral collections can be easily dis- 
tinguished from haemorrhagic cerebral contusions, and 
post traumatic sequelae and damage accurately monitored. 

Diagnostically difficult problems that are made easier by 
CT scanning are: (1) Extracerebral collections that are com- 
plicated by cerebral contusions which adversely affect the 
prognosis: such contusions may not be detectable by other 
radiological means. (2) Posterior fossa haematomas. (3) ‘The 
extent of extracerebral collections, including their bilater- 
ality (Ambrose and Gooding, 1976). 

Subacute extracerebral collections become isodense with 
the parenchyma of the brain after several weeks, and diag- 
nosis depends on demonstrating the typical ventricular de- 
formity and midline displacement; the actual lesion may not 
be outlined (Svendsen, 1976). 
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A radiobiological assessment of cervical carcinoma, by B. Dixon. 
Tolerance of normal tissues in patients. Comparison of different models, by C. F. Westermann and G. Kok. 
Human tumour xenografts for studies in experimental chemotherapy and radiotherapy, by G. G. Steel. 


Fractionated irradiation of a human malignant melanoma grown in athymic nude mice in the presence and absence of the 
hyponic cell radiosensitizer misonidazole, by E. K. Rofstad and T. Brustad. 





asurement of the reponse of primary carcinoma of the breast to treatment, by R. H. Thomlinson. 


Responses of different experimental tumours to irradiation in relation to their cellular radiosensitivity in vitro, by G. W. 


Barendsen. 


A RADIOBIOLOGICAL ASSESSMENT OF CERVICAL 
CARCINOMA 


By B. Dixon 


Radiobiology Department, 
The Regional Radiotherapy Centre, 
Cookridge Hospital, Leeds LS16 60B 


Radiobiology may take two pathways in developing its role 
in improving the treatment of cancer by irradiation. The 
first is taken by many experimentalists using their labora- 
tory animal models to devise and evaluate the potential of 
new treatment methods. The second pathway, still yet 
largely unexplored, is to examine more closely patients and 
their tumours as they present themselves daily to the radio- 
therapist. With cervical cancer the latter approach requires 
of the radiobiologist a clear definition of the clinical problem 
and an acceptance of the limitations of working with tumour 
biopsies, Two laboratory techniques may be used to study 
cervical tumours and their response to radical radiotherapy: 
tritiated thymidine (9@H-TdR) autoradiography and Feulgen 
DNA microdensitometry. 

In vitro 9H-TdR studies of biopsies from 54 patients 
(Dixon et al, 1977) have shown that the proliferative 
activity of the vaginal component of the tumour varies and 
the labelling index ranges from 2 to 30%. With advancing 
clinical stage the potential doubling time of cycling cells in- 
creases from one day (stages 1-4- I) to eight days (stage III -+ 
TV). During radiotherapy with ®°Co cathetron insertions 
and external pelvic irradiation, the tumour response is 
related to pre-treatment labelling, as is the time taken to 
resolve the vaginal component of tumour subsequent to 
treatment. The proliferative activity of the tumour does not 
appear to be related however to long term prognosis, i.e. the 
probability of developing recurrent or metastatic disease. 

A complementary study of tumour biopsies of 125 patients 
by Feulgen microdensitometry (Dixon and Stead, 1977) has 
shown that by computer analysis of data, cellular kinetic in- 
formation may also be obtained for about 70% of patients 
with near diploid (2C) or tetraploid (4C) tumours. Other 
patients have either 2C-4C tumours (15°) or aneuploid 
tumours (15°). Though “ploidy” is independent of clinical 
stage, changes in the DNA content of tumour cells as radio- 
therapy progresses may in quantitative terms be used to 
monitor its effect. In 70 patients followed for two years, 
those with 2C tumours fared worse, only 45% being 
tumour-free compared with 63%, with aneuploid or 4C 
tumours. 
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TOLERANCE OF NORMAL TISSUES IN PATIENTS, 
COMPARISON OF DIFFERENT MODELS 


By C. F. Westermann and G. Kok 


Westeinde Hospital, P.O. Box 432, 
The Hague, The Netherlands 


On theoretical grounds it can be expected that the exponents 
a=0.24 and B=0.11 in Ellis’ NSD formula should be 
dependent on radiobiological parameters. Experimentally it 
is found that a and £ can have different values (Wara et al., 
1973; Van der Kogel and Barendsen, 1974; and Wollin and 
Kagan, 1976). 

We performed a retrospective investigation of two groups 
of patients: 

1. A group of 70 patients with carcinoma of the larynx. 
Tissue tolerance was estimated by percentage of incidence 
and severity of late oedema. Best correlation was found with 
Wollin and with a modified NSD (a=0.31, 8=0.11). The 
tumour effect however did not show a relation with these 
NSD-type parameters, but tumour response was correlated 
with total treatment time, the effect being better as this time 
was shorter. 

2. A group of 40 patients with inoperable mammary car- 
cinoma. Here incidence and severity of induration were 
scored. A volume correction factor was applied of 4% in 
dose per factor of 2 in treated volume. The best correlation 
was found with Wara’s ED; NSD was nearly as good. A 
difference of 10% in dose, NSD or ED produced in both 
groups a significant difference in tissue reaction. 

With the aid of good three-dimensional computer- 
planning and a uniform characterization of tissue damage it 
appears to be possible to acquire fairly accurate radio- 
biological results from clinical data. 
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HUMAN TUMOUR XENOGRAFTS FOR STUDIES IN EXPERI- 
MENTAL CHEMOTHERAPY AND RADIOTHERAPY 


By G. G. Steel 
Institute of Cancer Research, Sutton, Surrey 


Human tumours transplanted into immune-deficient mice 
provide a new type of tumour material that is being explored 
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for experimental studies in radiotherapy and chemotherapy. 
There is now a substantial body of data on take-rates 
that shows that colonic carcinomas, melanomas and oat- 
cell carcinomas are examples of tumour types that give 
relatively high take-rates. Certain other tumours, especially 
sarcomas and carcinoma of the breast, transplant poorly. 
Various laboratory animals have been used for grafting; in 
recent years the main emphasis has been upon the use of 
congentitally athymic (nude) mice or mice immune- 
suppressed by lethal whole-body irradiation with bone 
marrow reconstitution or protection, Xenografted tumours 
often maintain the histological characteristics of the parent 
tumour, They have also been shown in certain cases to 
maintain hormone-dependence and the production of 
marker proteins. Metastasis is not frequently observed but 
has been found in a few studies with xenografted tumours. 

Therapeutic response has been estimated either by the 
in situ measurement of tumour growth delay or by clono- 
genic assays. The growth delay work has shown that in some 
cases xenografts respond to chemotherapeutic agents in a 
way that is consistent with the ranking of these agents in 
clinical use. The attempt to compare directly the clinical 
response of a patient with his own xenografts has not pro- 
ceeded far but the available results are encouraging. 

Cell cloning of xenografted human tumours has been per- 
formed both in vitro in soft agar and in agar diffusion cham- 
bers. The cell survival curves that these studies have pro- 
duced have allowed cellular sensitivity to be accurately 
documented and have revealed a wide range of sensitivity of 
a particular tumour to a range of drugs and of various tu- 
mours to certain selected drugs. 

The main disadvantages of xenografts are the changes, 
kinetic and otherwise, that the tumours undergo on trans- 
plantation; the fact that the tumours consist of human cells 
supported by a mouse stroma; and the likelihood that xeno- 
grafts probably grow in the face of a substantial host resist- 
ance against them. The impact of these drawbacks on 
experimental therapeutic studies has yet to be fully ex- 
plored and work in this area should therefore be pursued 
cautiously. 


FRACTIONATED IRRADIATION OF A HUMAN MALIGNANT 

MELANOMA GROWN IN ATHYMIC NUDE MICE IN THE 

PRESENCE AND ABSENCE OF THE HYPOXIC CELL RADIO- 
SENSITIZER MISONIDAZOLE 


By E. K. Rofstad and T. Brustad 


Norsk Hydro’s Institute for Cancer Research 
The Norwegian Radium Hospital, Montebello 
Oslo 3, Norway 


A study has been conducted on the effect of the hypoxic cell 
radiosensitizer misonidazole (Ro-07-0582) (gift from Roche 
Chemical Co. Ltd., England) during fractionated irradiation 
of a human malignant melanoma grown subcutaneously in 
the athymic mutant nude mouse. Misonidazole in doses of 
500 mg/kg bodyweight was administered to the animals by 
intraperitoneal injection 45 min before each exposure to ®°Co 
y rays. For a single dose of 12.50 Gy, the enhancement ratio 
of misonidazole was found to be 1.5. For three fractions, 
each of 4.52 Gy, it was found to be 1.15. For four fractions, 
each of 3.75 Gy; it was found to be 1.05 and for 10 fractions, 
each of 2.07 Gy, no sensitization was observed at all. The 
fractions were all given at 24 hour intervals, and the en- 
hancement ratio for each fractionation regime was deter- 
mined by comparing the tumour regrowth delay with that 
observed after similar fractionated treatments without radio- 
sensitizer. The present study indicates that this human 
melanoma, when grown in the mutant nude mouse, con- 
tains hypoxic cells and that the tumour reoxigenates quite 


341 


efficiently during the first day after being exposed to a 
relatively small dose of y rays. In order to obtain a clinical 
benefit of misonidazole for the malignant melanoma studied, 
the present results suggest that the drug must be used in 
combination with fractionation regimes based on few frac- 
tions and relatively large doses per fraction. 


MEASUREMENT OF THE RESPONSE OF PRIMARY 
CARCINOMA OF THE BREAST TO TREATMENT 


By R. H. Thomlinson 


Mount Vernon Hospital, Northwood, Middlesex 


The changing size of primary carcinoma of the breast has 
been determined in 60 patients and the data presented are 
based on almost 11,000 measurements of diameter made by 
a pair of observers. The tumours have been treated with 
radiotherapy, cytotoxic drugs or hormones. 

The following conclusions may be drawn: 

1. All tumours have responded to treatment as shown by 
inhibition of growth and some degree of regression, 

2. Curves relating tumour volume to time during the 
period of regression are all exponential, irrespective of the 
size or type of tumour and the treatment given. The average 
value of the coefficient of correlation between the observa- 
tions of size and time, derived from 74 regression curves, is 
0.95. 

3. There is a 38 fold range in the slopes of the regression 
curves of tumours in different patients receiving essentially 
the same treatment. 

4. It is possible, from the data, to discriminate with 95% 
confidence slopes that differ by a factor of 1.5. 

5. From ten pairs of slopes from patients who have been 
treated sequentially with cytotoxic drugs and radiotherapy, 
the slopes of the regression curves for the same patient re- 
ceiving different treatments are indistinguishable at the 95% 
confidence level. 

6. There is no correlation between the initial size of the 
tumour and the slope of the regression curve. 

7. Toward the extremes of the range of the regression 
slopes there is an obvious relationship between the steepness 
and the histological structures of the tumour. 

8. Tumours that re-grow after therapy grow exponenti- 
ally. 

9. Measurement is sufficiently accurate to establish 
growth rates from an increase in diameter of less than 20 mm. 

10. The range of slopes of regrowth is about as wide as 
that of regression. 

11. There is probably a good correlation between the rate 
of regression and the rate of regrowth after chernotherapy 
but not so good after radiotherapy. On the whole tumours 
grow relatively more slowly after radiotherapy than after 
chemotherapy. 

These data imply that the changing size of primary carci- 
nomas of the breast in response to treatment may be 
represented by a letter “V”, the two arms of which corres- 
pond to slopes of regression and regrowth curves intersect- 
ing at a point related to minimum size. These parameters are 
characteristics of the tumour not of the treatments being 
given. These data are also consistent with data previously 
obtained from multiple metastases in individual patients and 
transplanted tumours in rats. 

If the principles are generally true, there are certain 
implications for all clinical trials. In any event they apply to 
clinical trials of carcinoma of the breast. The rate of re- 
gression and therefore the degree of regression of a tumour 
in a given time is no measure of the effectiveness of treat- 
ment, and should be abandoned as a criterion. The same 
statement is true for the minimum size. 

The delay imposed on growth may be an indication of the 
effectiveness of treatment in terms of its killing clonogenic 
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cells, bat only if expressed in terms of the growth rate of 
each tumour. 

‘The pattern of response, being an inherent quality of each 
tumour, forms a basis for characterizing tumours in clinical 
trials, so that, in determining the effectiveness of treatment, 
like may be compared with like. 


RESPONSES OF DIFFERENT EXPERIMENTAL TUMOURS TO 
IRRADIATION UN RELATION TO THEIR CELLULAR RADIO- 
SENSITIVITY IN VITRO 
By G. W. Barendsen 
Radiobiological Institute, 


Organization for Health Research TNO, 
151 Lange Kleiweg, Rijswijk, The Netherlands 


Responses of tumours to single and fractionated radiation 
treatments may differ due to characteristics of the con- 
stituent tumour cells and due to the conditions in which 
these cells grow in the host. To analyse the relative im- 
portance of various factors and conditions for different 
tumours, cells from ten tumours in rats have been adapted 
to culture conditions (Barendsen, 1977). Using a clone 
selection procedure, cells were selected that can be inocu- 


Cardiovascular radiology 
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Recent advances in echocardiography, by S. Hunter. 


lated in rats to produce tumours from which cells can be 
reproducibly titrated again in culture. Volume doubling 
times of the tumours ranged from 2.2 days to 10 days, while 
cell number doubling times in vitro ranged from 11 to 24 h. 
No systematic correlation between these two parameters 
could be established. 

Sensitivities to 300 kV X rays varied considerably among 
cells from different tumours, with doses required to cause 
reproductive death in 50°% of the cells ranging from 120 rad 
for cells from a lymphosarcoma to 430 rad for cells from a 
ureter squamous cell carcinoma (Barendsen et al., 1977). 
Doses required to yield a growth delay of 20 days varied 
among different types of tumours from 400 rad to 2200 rad. 
No systematic correlation could be established with cellular 
sensitivity. It is concluded that information about a large 
number of factors and conditions at the cellular level is re- 
quired to interpret responses of tumours to single and frac- 
tionated treatments. 
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Roles of radionuclides in myocardial infarction, by D. S. Dymond, A. T. Elliott, R. A. J. Spurrell and K. E. Britton. 
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RECENT ADVANCES IN ECHOCARDIOGRAPHY 
By 5. Hunter 


Freeman Hospital, Freeman Road, High Heaton, 
Newcastle upon Tyne NE7 7DN 


‘Two growth points in the expanding field of cardiac ultra- 
sound are the assessment of left ventricular function and the 
use of contrast echocardiography. Both techniques can be 
used to demonstrate underlying haemodynamic abnormal- 
ities with considerable clinical benefit. 

Left ventricular function assessment using the single 
probe echo technique was initially based on accurate 
measurement of left ventricular cavity dimensions and 
assessment of mean rate of change of cavity size during the 
ejection phase (Feigenbaum, 1972; Kaye et al., 1975). More 
recently digitization of left ventricular endocardial echoes 
has allowed calculation of peak rates of dimensional change 
during systole and diastole. These parameters are of value in 
left ventricular dysfunction and incoordinate contraction 
(Gibson and Brown, 1975) and can also be used to assess the 
severity of mitral valve stenosis. Provided access is available 
to a computer, the additional equipment for these methods 
ig not expensive. 

Contrast echocardiography depends on the production of 
microbubbles in fluids injected into the circulation centrally 
er peripherally, These microbubbles are short acting, harm- 
less and reflect ultrasound intensely, Their presence is 
detected in the circulation by opacification of previously 
echo free cavities. Injections of indocyanine green, saline and 
blood have been successfully used to produce ultrasonic 
contrast studies but in our experience dextrose (5°) gives 
equally satisfactory opacification. Using peripheral venous 
injection of 1-2 ml of 5% dextrose in infants and small 
children it is possible to detect right to left intracardiac 
shunting and to determine the destination of the systemic 


venous return. In this way transposition of the great arteries 
may be readily differentiated from other causes of cyanotic 
congentital heart disease before catheretization (Mortera 
et al., 1977). 
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ROLES OF RADIONUCLIDES IN MYOCARDIAL INFARCTION 


By D. 5. Dymond, A. T. Elliott, R. A. J. Spurrell 
and K. E. Britton 


St. Bartholomew's Hospital, London, EC1 


The clinical role of radionuclides in the syndrome of myo- 
cardial infarction encompasses the acute event, the ensuing 
complications, and the screening of at ‘‘ risk” populations. 
An acute infarct may be imaged by “hot” spot agents such 
as technetium 99™ stannous pyrophosphate (Tc PYP) that 
are infarct avid, or by “cold” spot agents such as the mono- 
valent cation potassium analogues, e.g. thallium?!, The 
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former, in which acutely necrotic muscle appears as an area 
of increased tracer uptake, detects recent infarction only. 
The techniques when performed after the first 24 hours 
following infarction, is highly sensitive for detecting and 
localizing transmural infarction, the detection of non 
transmural infarction having a variable repeated detection 
rate. Limitations of the method include poor results in the 
first 24 hours (although this may be overcome with newer 
agents such as imidodiphosphonate (IDP)), false positives 
due to persistent blood pool activity, and the lack of accurate 
in vivo infarct quantitation. 

An infarct cannot be differentiated from an ischaemic 
area on a single thallium?®! image, and sequential imaging 
is required as only an infarct will produce a permanent 
defect. Cold spot scanning is unable to determine whether 
an infarct is old or new, and is thus of limited value in 
diagnosing acute infarction. The advantage over the hot spot 
technique is the ability to detect perfusion defect within the 
first few hours of infarction, whereas hot spot scanning 
within the first twelve hours has a limited sensitivity with 
PYP. 

In current clinical practice, infarct avid imaging agents 
such as Tc PYP, or the newer imidodiphosphonate which 
has a greater myocardial extraction and faster clearance 
from the blood pool than Tc PYP, should be used when the 
diagnosis of infarction cannot be made from conventional 
tests (for example, when the ECG shows conduction de- 
fects), or in the rarer conditions such as myocardial con- 
tusion or right ventricular infarction. 

The assessment of complications of infarction is directed 
towards analysis of wall motion by equilibrium—gated or 
first-pass technique allowing the temporal separation of right 
and left ventricular activity in the right anterior oblique 
projection. Diffuse hypokinesis can be differentiated easily 
from a localized aneurism. 

Screening of “at risk” populations depends on the assess- 
ment of myocardial perfusion or wall motion under con- 
ditions of stress. Thallium??? is the most widely used agent 
for perfusion scanning, while first-pass radionuclide angi- 
ography is effective in the demonstration of wall motion ab- 
normalities. 


AN AUTOMATED (HEART) CATHETERIZATION SYSTEM - 
(Acs) 
By V. H. de Villeneuve 


Sophia Childrens Hospital and Neonatal Unit, 
Gordelweg 160, Rotterdam, The Netherlands 


During heart catheterization a limited amount of data is ac- 
quired: pressures, oxygen (transported), blood flow and 


a 
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ventricular dimensions. But they represent an enormous 
amount of information when examined exhaustively. As time 
is usually lacking, data processing seems a logical con- 
sequence. Experience with an ACS (Philips) is reported. 
This comprises the following elements—physiological 
measuring system, a cardiological keyboard, an alpha- 
numerical keyboard and their video display, a processor 
with 16K core memory and magnetic disc unit, an analogue 
video converter and a matrix printer. The cardiologist 
operates, he directs the sampling, the calculations and the 
display via the cardiological keyboard equipped with a heart 
contour diagram, function keys and numerical keys. 
Special provisions as sampling frequency of 250 cycles, the 
transposition program, pre-sampling, respiration-directed 
blood pressure calculation, on-line left ventricular pressure 
registration and coupling with the cine-frames etc give the 
ACS many options for haemodynamic studies in children as 
well as adults. 


TRANSLUMINAL DILATATION OF THE ILIAC ARTERIES 
By G. J. van Andel and V. M. Krepel 


Diaconessenhuis, Eindhoven, The Netherlands 


The purpose of transluminal dilatation (Dotter procedure) 
is to widen stenoses, due to atheroma, with the aid of cathe- 
ters or balloon catheters inserted into an artery according to 
the Seldinger procedure. In this way the atheromatous mass 
is compressed and remodelled against the arterial wall. 
Iliac arteries are especially suitable for transluminal dilata- 
tion. Examination before and after treatment includes 
history, physical examination and the determination of the 
systolic ankle blood pressure. The pre- and post-stenotic 
blood pressure tracings are recorded before and after dilata- 
tion, in order to measure the pressure gradient across the 
the stenosis. The technical procedure was illustrated 
diagrammatically. In four years 28 iliac stenoses were 
dilated in 25 patients. In two patients we failed to pass the 
stenosis with the guide wire. In two others, who were treated 
on both sides, there was no improvement in symptoms, al- 
though the objective data (systolic ankle blood pressure and 
angiography) indicated a disappearance of the stenosis. In 
the remaining cases (86%) the complaints disappeared or an 
improvement took place. The latter happened in four cases, 
in whom there was a total occlusion of the superficial 
femoral artery. 

The conclusion is that the Dotter procedure is safe and 
from the patient’s viewpoint it can be compared with the 
Seldinger procedure. The results are comparable with those 
obtained in reconstructive surgery. 
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Wide field and systemic irradiation 
Chairman: Prof. M. J. Peckham 

Total-body irradiations: physical aspects, by R. P. Parker. 
Te 
Half-body irradiation, by H. Bartelink and J. J. Battermann. 





Clinical aspects of total-body irradiation and bone-marrow grafting for radiosensitive tumours in man, by Ann Barrett. 
Fractionated total-body irradiation on non-Hodgkin’s lymphomas and chronic lymphatic leukaemia, by R. P. Symonds. 
al-body irradiation in advanced lymphosarcoma, by A. van Dijk-Milatz. 


Wide-field irradiation for small-volume lymph-node metastases, by D. V. Ash. 
Pulmonary irradiation for small-volume lung metastases, by K. A. Newton. 


TOTAL BODY IRRADIATIONS: PHYSICAL ASPECTS 
By R. P. Parker 


_ Physics Department, 
Royal Marsden Hospital and Institute of Cancer Research, 
Sutton, Surrey 


Various parameters requiring consideration when under- 
taking total-body irradiations were discussed with particu- 
lar reference to the treatment-planning aspects. In practice 
most centres have to manage with the available equipment 
which was installed for other purposes; practical points re- 
sulting from this, such as reproducibility of set-up of 
patients and reliability were discussed. A review was given 
of reported techniques using single fields ranging from ®°Co 
to 25 MV X rays, as well as moving couch and multisource 
methods. It was concluded that although higher energies 
gave better dose distributions, a ®°Co unit using parallel 
opposer A.P, and P.A. fields was probably the best choice 
of equipment if low dose-rates were to be used bearing in 
mind reliability, clinical problems and dose distributions. A 
brief description was given of the large field 8Co unit 
specially developed by the Physics Department of the 
Princess Margaret Hospital, Toronto, Canada. 


CLINICAL ASPECTS OF TOTAL-BODY IRRADIATION AND 
BONE-~MARROW GRAFTING FOR RADIOSENSITIVE 
TUMOURS IN MAN 


By Ann Barrett 


Institute of Cancer Research 
an 
The Royal Marsden Hospital, London and Surrey 


A historical review reveals that total body irradiation was 
first used as treatment for leukaemia and lymphoma in 1906. 
Tt ts now used as part of the preparation for bone-marrow 
grafting in patients with leukaemia both to control disease 
and to produce immune-suppression. It is also used before 
grafting for some patients with aplasia who have failed to 
take a previous graft and in patients with radiosensitive 
tumours (such as Ewing's sarcoma). 

For leukaemic patients before bone-marrow grafting, 
treatment consists of a total-body dose of 1000 rad (max), 
calculated from test doses given before the main treatment, 
measured with lithium fluoride dosimeters and checked by 
further measurement during the actual procedure. With our 
cobalt unit field sizes of 110 cm are obtained at four metres 
from the source giving a dose rate of 2.5 rad/min and total 
treatment times of approximately six hours. Patients are 
prepared for grafting with two days of intravenous cyclo- 
phosphamide (60 mg/kg) and sedated before irradiation with 
Chlorpromazine and Phenobarbitone. Steroids are given to 
reduce nausea and vomiting. 


Side effects are minimal but may include nausea and mild 
vomiting, slight skin erythema, alopecia and parotitis; 
sterility and late cataracts may be expected. We have not 
seen any gut toxicity, Pneumonitis occurs in 50% of patients 
treated at Seattle and has a multifactorial pathogenesis with 
radiation graft versus host disease, immune depression and 
infection being implicated. Our policy is to graft patients 
with acute myeloid leukaemia in first remission. Early results 
from Seattle show 15 out of 22 patients surviving up to two 
years. 


FRACTIONATED TOTAL-BODY IRRADIATION ON 
NON-HODGKIN’S LYMPHOMAS AND CHRONIC 
LYMPHATIC LEUKAEMIA 


By R. P. Symonds 


Glasgow Institute of Radiotherapeutics and Oncology, 
Western Infirmary, Glasgow 


Johnson and Ruhl (1976) reported that one third of patients 
suffering from progressive chronic lymphatic leukaemia 
(CLL) treated by total body irradiation (TBI) underwent 
a complete remission. Complete responders showed a re- 
covery from immune paresis. In a randomized trial TBI was 
shown to be superior to Chlorambucil in the treatment of 
CLL. 

Patients suffering from generalized lymphocytic lym- 
phoma were treated in a randomized trial of TBI com- 
pared with combination chemotherapy (cyclophosphamide- 
vincristine-prednisolone~-CVP) by Canellos et al. (1975). 
84% partial responses and 56%, complete responses were 
seen in the patients treat by TBI. Virtually identical results 
were reported in the group treated by CVP. 

In Glasgow we treat patients with good marrow reserves 
with 15 rad (4 MV) twice weekly to 150 rad. Those patients 
with poor marrow reserves receive 10 rad twice weekly to 
tolerance. 

We have only been using TBI for one year and haye 
treated 11 patients, ten of whom have been failures after 
chemotherapy. We have found this treatment particularly 
valuable in patients with CLL who have developed an 
auto-immune haemolytic anaemia. All patients tolerated 
treatment well, the only side-effect seen being a depression 
of the platelet count. 
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TOTAL-BODY IRRADIATION IN ADVANCED 
LYMPHOSARCOMA 


By A. van Dijk-Milatz 


Department of Radiotherapy, 
University of Utrecht, Holland 


A pilot study was initiated at the Department of Radio- 
therapy of the University of Utrecht to test total body 
irradiation (TBI) in advanced cases of lymphosarcoma. 
Thirty patients with generalized lymphosarcoma were 
entered into the study. Eleven patients had previously 
received local radiotherapy or chemotherapy, while 19 
patients had received no prior chemotherapy. The original 
diagnostic lymph-node biopsies were reviewed and classified 
according to the Rappaport classification of non-Hodgkin’s 
lymphomas. The thirty patients accepted were either stage 
Il] (6) or stage IV (24) and were staged according to the 
Ann Arbor system. Patients were treated on a 6 MeV linear 
accelerator at a distance of 600 cm from target to skin. The 
TBI course consisted of 10 rad in the midplane three times 
weekly to a maximal total dose of 300 rad. Toxicity caused 
by TBI was confined to bone-marrow depression. Haemato- 
logical toxicity may be severe but in non-leukaemic patients 
it is in general acceptable. Complete clinical and radio- 
logical regression of disease (complete remission) was 
achieved in ten primarily treated patients and in four 
secondarily treated patients. Results in patients with 
leukaemia treated by TBI were very poor. We do not intend 
to go on treating these patients. In non-leukaemic primarily 
treated patients we achieved ten complete remissions out of 
13 patients (77°). 

We therefore conclude that TBI is a helpful treatment in 
the management of advanced lymphosarcoma. 


HALF-BODY IRRADIATION 
By G. M. M. Bartelink and J. J. Battermann 


Antoni van Leeuwenhoek Hospital, 
Amsterdam, The Netherlands 


In this paper the possible advantage of half-body irradiation 
was discussed. Experimental data on cell culture and human 
pulmonary metastases show that a single dose of 800 rad can 
reduce the number of tumour cells 0.5 to three decades and 
give a growth delay of 14 to 290 days. 

In patients with diffuse dissemination of breast cancer a 
single dose of 800 rad to the upper and/or lower half-body 
was given to relieve pain. This was achieved completely in 
60% of the patients and partially in 40°%,. Two patients died 
of a sepsis after half-body irradiation following aggressive 
chemotherapy. 

Therefore this kind of irradiation seems to be a useful 
palliative treatment in these patients. 


WIDE-FIELD IRRADIATION FOR SMALL-VOLUME 
LYMPH-NODE METASTASES 


By D. V. Ash 


Institute af Cancer Research and The Royal Marsden 
Hospital, London and Surrey 
In spite of the fact that wide-field elective irradiation of 
regional lymph-node areas has been practiced for many years 
it is still uncertain whether it is of any value. There are, 
however, good reasons for thinking that this treatment may 
be beneficial. 

1. The introduction of elective wide-field treatment for 
testicular seminoma and Hodgkin’s disease has seen 
dramatic improvement in survival from these conditions. 

2. Irradiation of bulky disease in lymph nodes has shown 
that these can be controlled by radiation alone and sug- 


ki 


gests that small-volume disease would respond at least as 
well, 

3. Surgical series and lymphography studies reveal a high 
incidence of sub-clinical disease in regional nodes which 
might benefit from treatment. 

4. Pre-operative radiation regimes have shown a reduc- 
tion in the expected incidence of positive nodes compared 
with comparably staged non-irradiated patients. 

5. The incidence of late node recurrences in head and 
neck cancer has been reduced by elective irradiation to the 
neck. 

In spite of this logical basis for wide-field elective node 
treatment there is no clinical trial confirming its efficacy in 
terms of overall survival. In cancer of the cervix the Man- 
chester trial (Cole, 1976) has shown no increase in survival 
when local treatment by radium alone was compared with 
radium plus pelvic radiation. In head and neck cancer 
elective neck irradiation has also failed to demonstrate in- 
creased survival and does not refute the view that a watching 
policy for the neck with surgery and radiation on demand is 
no worse than a policy of elective nodal irradiation. 

In addition to the failure to show benefit there is the 
possibility of doing harm and there is evidence of an in- 
crease in morbidity when wide fields are used, particularly 
in the pelvic and para-aortic regions. 

In order for elective wide-field lymph-node irradiation to 
be successful the primary must be controlled: the node 
deposits must be sensitive to a moderate dose of radiation: 
all likely disease must be included in the radiation field and 
the chances of distant metastases must be low: elective treat- 
ment must be better than on demand treatment: the treat- 
ment must have an acceptable morbidity. 

There are almost certainly a number of patients who 
might benefit from wide-field elective node irradiation but, 
so far, they have not been identified and the value of a policy 
of routine elective treatment has not yet been proved. 
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PULMONARY IRRADIATION FOR SMALL-VOLUME LUNG 
METASTASES 


By K. A. Newton 
Westminster Hospital, London SWP1 2AP 


Following whole-lung irradiation at Westminster Hospital in 
1969 of patients with a wide range of metastatic tumours, 
valuable information was gained concerning the tolerance 
of pulmonary tissue to irradiation. In a small number of 
patients, anti-tumour effects were observed. 

In the present study, 14 patients with osteosarcoma have 
been treated with 6-7000 rad of opposing field megavoltage 
irradiation followed approximately six months later by 
surgical ablation. During the last two and a half weeks of 
limb irradiation, by which time the tumour in the limb had 
received approximately 3500 rad, prophylactic lung ir- 
radiation was started using opposing field irradiation on the 
6 MeV linear accelerator, 150 rad to the centre of the medi- 
astinum five days a week for 13 treatments, to a total of 1950 
rad, With increased penetration in pulmonary tissue the dose 
in the lungs was approximately 2400 rad. 

Six of these 14 patients have survived for more than five 
years. This policy is an attempt to deal with small volume 
metastases undetectable by radiography and was abandoned 
some years ago with the advent of adjuvant chemotherapy. 
Because of the present results, it is considered reasonable to 
reopen the question of radiotherapy in eradicating small 
volume lung metastases. 
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The radiology of angiodysplasia, by D. J. Allison. 


Some uses of therapeutic vascular occlusion, by T. A. S. Buist. 


Radiographic presentations of von Recklinghausen’s disease, by E. S. Casselman and W. T. Miller (no abstract received). 
Observer assessment of mammograms and an evaluation of the significance of radiographic patterns, by A. Chaffe, E. J. 


Roebuck and B. S. Worthington. 
Recognition of surgical swabs, by G. de Lacey. 


Effervescent granules for the barium meal, by G. de Lacey, B. Wignall and C. Bray. 
Remote interpretation of radiographic images by closed circuit television link, by N. McGuire, F. Johnson and B. S. 


Worthington. 


Radiological and histological correlation in congenital ear anomalies in anencephaly, by P. D. Phelps and J. L. Wright. 
A teaching aid and guide for the basic understanding of transpositions and abnormalities of cardiac position, by J. F. Reidy. 


Unusual signs for cholecystosis, by J. H. J. Ruijs. 
Some bone changes in anaemia, by J. D. Stevenson. 


Surgical revascularization of the cerebral cortex, by Jennifer M. Weller. 

Ultrasonic diagnosis of gastrointestinal lesions, by E. Samuel and S. Holt. 

Computed tomography in testicular teratomas, by Janet E. Husband, N. J. Hodson and D. Mears. 

Art and artefact in computerized tomography, by Brenda M. Sandin and L. Kreel. 

Radiation exposure to the patient in whole body computed tomography, by R. P., Parker and Pauline Hobday. 

Internal morphological analysis by NMR imaging, by W. S. Hinshaw, E. R. Andrew, P. A. Bottomley, G. N. Holland, 


W. S. Moore and B. 5. Worthington. 


A range of test objects for evaluating the performance of CT machines, by D. R. White, R. D. Speller, P. M. Taylor, R. 


Darlison, A. Rickwood and B. Horn. 


Simulix-simulator with simtomix, by W. Hogervorst (no abstract received). 
Whole body scanner: treatment planning project, by K. Cassell, Pauline Hobday, N. Hodson, Janet Husband, R. P. 


Parker and J. Macdonald (no abstract received). 


Cellular DNA and proliferation in radiotherapy of cervical cancer, by B. Dixon and C. J. Carter. 
A simple inexpensive data processing system for radiotherapy departmental notes, by M. J. Ostrowski and A. W, Jackson. 


THE RADIOLOGY OF ANGIODYSPLASIA 
By D. J. Allison 


Hammersmith Hospital and Royal Postgraduate 
Medical School, Du Cane Road, London, W.12 


he term angiodysplasia refers to microvascular abnor- 
malities of the bowel wall which can cause gastro-intestinal 
bleeding (Galdabini, 1978; Boley et al., 1977). The lesions 
cannot be demonstrated by barium studies or endoscopy, 
and can neither be seen nor felt by the surgeon at laparotomy. 

Selective visceral angiography is necessary to diagnose 
angiodysplasia, and postoperative radiology of the resected 
bowel is usually necessary to localize the lesions for histo- 
logical examination (Tarin et al., 1978). 

Angiodysplasia was found by preoperative selective 
visceral angiography in eight out of 12 patients who 
presented at Hammersmith Hospital over a period of four 
years with unexplained recurrent bleeding from the gastro- 
intestinal tract. Postoperative angiography of the resected 
portion of bowel localized the abnormal areas for histo- 
logical study which revealed a variety of microvascular 
abnormalities including arteriolar, capillary, venular and 
arterio-venous malformations. While angiodysplasia is a 
useful descriptive radiological term it does not, therefore, 
represent a single pathological entity. 
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SOME USES OF THERAPEUTIC VASCULAR OCCLUSION 
By T. A. S. Buist 


Department of Radiology, 
Royal Infirmary of Edinburgh, EH3 9Y W 


Modern selective angiography can localize a focus of active 
arterial bleeding or define the blood supply of a vascular 
malformation. Catheter techniques can now be extended to 
produce selective vessel occlusion by introduction of 
balloon catheters or emboli materials to arrest bleeding or 
obliterate a vascular malformation. 

Experience with focal bleeding in the kidney particularly 
has confirmed the advantage of this procedure as an 
alternative to surgery. For persistent post biopsy renal 
haemorrhage it is the treatment of choice. 

In the management of highly vascular renal tumours, 
preoperative arterial occlusion can assist and improve 
surgical technique. Renal artery embolization is an alterna- 
tive to palliative nephrectomy when the disease is advanced. 

Bleeding from lesions in many other areas, such as bladder 
and uterus have also been effectively controlled by selective 
arterial embolization. 

Using a percutaneous transhepatic approach, catheter- 
ization of the portal and splenic veins, and embolization of 
branches which supply gastro-oesophageal varices, is an 
effective emergency procedure for the control of variceal 
haemorrhage in portal hypertension. 

Representative examples of our experience of vascular 
occlusion in 21 patients were illustrated. The occlusive 
materials used were balloon catheters, wire coils with cotton 
and woollen threads, and gelatin sponge (Sterispon) alone, 
or with added sodium tetradecyl sulphate (STD). 
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OBSERVER ASSESSMENT OF MAMMOGRAMS AND 
AN EVALUATION OF THE SIGNIFICANCE OF 
RADIOGRAPHIC PATTERNS 


By A. Chaffe, E. J. Roebuck and 
B. S. Worthington 


University of Nottingham 


Receiver operating characteristic curves have been shown to 
be a valid and objective method of measuring observer 
performance in reading mammograms. These curves plot 
the conditional probability of true positive against false 
positive results as the confidence threshold of the observer 
varies. The area under the graph measures observer sensi- 
tivity or the ability to perform the task correctly. Bias values 
give an indication of the overall confidence of the observers 
in making their decisions, serial measurements allowing 
identification of observers who show extremes of optimism 
or pessimism, or who change their decision criteria and 
would be unreliable as screeners. 

In a comparative study of a surgically referred group and a 
self referred group from a screening clinic the incidence of 
radiographic parenchymal patterns (Wolfe classification) 
has been examined. The higher incidence in patients with 
neoplasm of the P2 and DY types as compared with the N1 
and P1 types first shown by Wolfe in 1976 has been con- 
firmed. Of the two patterns designated high risk, P2 cor- 
relates with the known risk factors of age at first child and 
increasing parity, whereas DY does not. 


RECOGNITION OF SURGICAL SWABS 
By G. de Lacey 
X-ray Department, St. George’s Hospital, London 


The efficiency of theatre protocol is the most important 
safeguard against a swab or pack being retained during an 
operation, Nonetheless, mistakes do occur and may be 
compounded when the radiologist does not recognize a 
retained pack because he is not familiar with the marker 
pattern. Most packs have a different marker appearance than 
do swabs. Pack markers are usually in the form of an opaque 
band or strip whereas swab markers appear as long thin 
filaments. Two types of barium-impregnated markers are 
used in the United Kingdom, one made of yarn and the 
other of plastic (polyvinyl chloride), The advantage of yarn 
over plastic is that it has a softer feel and it does not 
become brittle if sterilized more than once. For these reasons 
some surgeons prefer swabs or packs marked with yarn. 
Although 55% w/w barium sulphate is specified by the 
British Pharmacopoea to be used as the marking substance, 
yarn cannot carry as much barium sulphate without losing 
much of its tensile strength. For this reason, yarn filament 
markers are of reduced radiodensity. Most markers manu- 
factured in the United Kingdom are the high radiodensity 
plastic type, and even the less dense yarn markers will be 
clearly recognizable to the trained observer. However, some 
markers produced by Continental manufacturers are very 
poorly opaque and may be difficult to detect. Very small 
swabs may also be difficult to visualize if projected over 
bone, films are under-exposed, or the patient is breathing. 
The exhibit illustrated cases of retained packs which were 
not recognized because of unfamiliarity with the marker 
pattern. The radiographic appearance of the common swab 
and pack markers in use in the UK were demonstrated. 


EFFERVESCENT GRANULES FOR THE BARIUM MEAL 
By G. de Lacey, B. Wignall and C. Bray 


Radiology and Pharmacy Departments 
St. George's Hospital, London 


A simple cheap, efficient method of producing gas for the 
double contrast barium meal was illustrated. A granulated 
powder containing sodium bicarbonate and citric acid was 
prepared in the hospital pharmacy, and samples were 
provided. The formula and method of producing the 
granules, which are easy to chew, was described. 


REMOTE INTERPRETATION OF RADIOGRAPHIC IMAGES 
BY CLOSED CIRCUIT TELEVISION LINK 


By N. McGuire, F. Johnson and 
B. S. Worthington 


University of Nottingham 


The faithful reproduction of radiographs transmitted 
through a closed circuit television is limited by the extent to 
which the grey scale in the original film can be reproduced 
(dynamic range of the television picture); the number of 
lines in the television raster (625) and the bandwidth of the 
system (6.5 MHz) which together limit the resolution which 
can be achieved and also the extent of observer interaction 
in altering image size, brightness and contrast. 

The best perceptible resolution on direct viewing of a 
radiograph of a line pair phantom was 10 line pairs/mm 
compared with 1,59 line paris/mm in the transmitted image. 

Using receiver operating characteristic curve analysis the 
effect of these limitations on observer performance was 
assessed in respect of gamma camera images of a phantom 
containing a cold spot, randomly placed within a flood field. 
The reduced sensitivity observed was reflected in a high 
error rate particularly in detecting low density foreign 
bodies during a simulated casualty reporting session, 

The TV system here assessed is quite unacceptable for 
use in giving definitive reports on radiographs and only 
provisional statements can be made. It could well be used 
for checking remotely the quality and completeness of any 
examination, however, and appropriate advice given. 


RADIOLOGICAL AND HISTOLOGICAL CORRELATION 
IN CONGENITAL EAR ANOMALIES IN ANENCEPHALY 


By P. D. Phelps and J. L. Wright 


Walsgrave Hospital, Clifford Bridge Read, 
Walsgrave, Coventry CV 2 2DX 


The ear in anencephaly is always abnormal and shows 
features of malformation seen also in children with con- 
genital ear anomalies. Tomographic and histological 
sections of anencephalic temporal bones were demonstrated, 
Ossicular abnormalities similar to those found at operation 
for congenital conductive deafness were shown, as well as a 
wide range of structural abnormalities of the labyrinth and 
internal auditory meatus. Distortion of the cochlea with 
varying degrees of underdevelopment of the bony spiral 
similar to these anencephalic examples, may be demon- 
strated by tomography in some severely deaf children and 
help in their assessment. 


347 


Vor, 52, No. 616 


Proceedings of The British Institute of Radiology 


A TEACHING AID AND GUIDE FOR THE BASIC 
UNDERSTANDING OF TRANSPOSITIONS AND 
ABNORMALITIES OF CARDIAC POSITION 


By J. F. Reidy 


Department of Radiology, St. George’s Hospital, 
Londen SW17 


‘To all except the specialist working with congenital heart 
disease, understanding transpositions and abnormalities of 
cardiac position is likely to prove difficult. The situation is 
not helped by the great variety of terms used and the lack of 
any standard terminology. A model was demonstrated which 
consists of a Perspex egg-shaped frame (the heart), into 
which fit interlocking pieces (atria, ventricles and great 
vessels). The pieces are double-sided and identifiable only 
by their morphology. The positions can be changed around 
or reversed so that all the possible anomalies can be easily 
“put together’? and demonstrated. An account of funda- 
mental morphology, definitions and the most usual termin- 
ology was included. 

A. separate “Hver” piece which is also reversible can be 
placed below the heart. It is so coloured that it will match 
the lateral arrangement of the atria if the rule of viscero- 
atrial situs is applied. The frame can be swung to the left 
(laewoeardia) or to the right (dextrocardia) quite indepen- 
dently of whatever anomaly is demonstrated within the 
frame. 

There are rare exceptions where use of the model breaks 
down, but in most cases it can be used to demonstrate both 
the relationships and connections of the chambers and great 
vessels, In addition, it helps relate the plain chest film 
findings to these various anomalies. 


UNUSUAL SIGNS FOR CHOLECYSTOSIS 
By J. H. J. Ruijs 


University Hospital, Utrecht, the Netherlands 






stosis—especially adenomyomatosis and cholester- 
g-~can often be diagnosed if contrast-filled Rokitansky- 
Aschoff sinuses and other well defined irregulatiries are 
visible, 

In this exhibition seven cases of cholecystosis were pre- 
sented with only minor and unusual signs which can be 
detected by the alert eye of the radiologist—in some 
instances—-with the help of functional investigation of the 
gallbladder. 


SOME BONE CHANGES IN ANAEMIA 
By J. D. Stevenson 
Royal National Orthopaedie Hospital, London WT 


Radiological bone changes in anaemia are limited mainly to 
two: sickle cell disease and thalassaemia, The changes are 
those of bone marrow expansion and as much, are non- 
specific although bone infarcts and salmonella osteomyel- 
itis occur in sickle cell disease, and extramedullary haemo- 
puesia is seen in thalassaemia. Examples to display the 
lassic features of the two entities were shown. 








a 
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SURGICAL REVASCULARIZATION OF THE CEREBRAL 
CORTEX 


By Jennifer M. Weller 


Department of Radiology, 
North Manchester General Hospital, 
Crumpsall, Manchester M8 6RB 


Pre- and postoperative cerebral angiograms were presented 
to illustrate this surgical technique which is currently being 
evaluated. End to side anastomosis of a branch of the 
superficial temporal artery to a cortical branch of the middle 
cerebral artery is performed through a small craniotomy. 
Postoperative angiograms at six weeks demonstrate in these 
cases patency of the intracranial-extracranial shunt with 
retrograde refilling of middle cerebral artery branches. 

The cases chosen both presented evidence of cerebral 
under-perfusion secondary to major vascular occlusion 
which is put forward as a good indication for this type of 
surgical procedure. Neither case had evidence of established 
infaction. 


ULTRASONIC DIAGNOSIS OF GASTROINTESTINAL 
LESIONS 


By E. Samuel and 5. Holt 
Royal Infirmary of Edinburgh 


Thickened bowel may produce a recognizable pattern on 
ultrasound examination and the present study was under- 
taken to evaluate the potential of grey-scale ultrasound in the 
assessment of ileo-caecal Crohn’s disease, thereby perhaps 
obviating the need for repeated abdominal X-rays, after the 
initial diagnosis has been made. Grey-scale ultrasound was 
performed in 17 patients with Crohn’s disease of varying 
extent and severity. In 13 of the 17 patients studied, 
thickening of the wall of the terminal ileum and caecum, 
with adjoining inflammatory changes in the mesentery, 
produced recognizable patterns on longitudinal and trans- 
verse ultrasonographs. Three main ultrasound images were 
identified, corresponding to thickened and stenosed bowel, 
matted coils of bowel and a combination of the two with 
adjacent abscess formation. 

Although not providing the specificity or detail of 
conventional radiology, grey-scale ultrasound can be helpful 
in the assessment of ileo-caecal Crohn’s disease, particularly 
in younger patients, where radiation hazards should be kept 
to a minimum. 


COMPUTED TOMOGRAPHY IN TESTICULAR TERATOMAS 
By Janet E. Husband, N. J. Hodson and D. Mears 


The Royal Marsden Hospital and Institute of 
Cancer Research, Sutton, Surrey 


CT scan findings in 46 patients with malignant teratoma are 
presented. The lungs, mediastinum and abdomen were 
examined in all patients. 

The results of this study indicated that CT is more 
sensitive than whole lung tomography in detecting pul- 
monary metastases. Lymphadenopathy was demonstrated in 
the mediastinum in three patients of this series in whom 
conventional radiology was normal. 

CT findings in the abdomen were compared with those of 
lymphography in all patients. 

There was good correlation between these techniques but 
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CT has the advantage of defining the full extent of disease 
more precisely than lymphography alone. 

CT has also been used to monitor response to chemo- 
therapy and radiotherapy. Since the liver is demonstrated on 
all upper abdominal scans, CT has been used to evaluate the 
presence of liver metastases. These were demonstrated in 
three out of 46 patients. 


ART AND ARTEFACT IN COMPUTERIZED TOMOGRAPHY 
By Brenda M. Sandin and L. Kreel 


Division of Radiology, Clinical Research Centre, Harrow 


Like all radiographic equipment, computerized tom- 
ographic units produce artefacts. These can be caused by 
change in the environmental temperature, by electronic 
noise and by mechanical problems of the scanner itself. 
Similarly, materials of high density within the body can 
produce striking results. 

Environmental temperatures, such as high room tem- 
perature, cause striped linear bands and random patterns, 
described as ‘‘wallpaper” and ‘‘weetabix”’. 

Electronic noise destroys the scan data and occurs when 
there is electronic component overheating, presenting as 
“light-up” areas or as the random “wallpaper? and 
“weetabix’’ pattern. 

Mechanical problems resulting from mechanical faults in 
the scanner interfere with reconstruction and take the form 
of spinning catherine wheels. 

High density materials, such as metallic implants and 
contrast media produce stellate artefacts of great intensity 
with centres of alternating black and white rings. 


RADIATION EXPOSURE TO THE PATIENT IN WHOLE 
BODY COMPUTED TOMOGRAPHY 


By R. P. Parker and Pauline Hobday 


The Royal Marsden Hospital 
Downs Road, Sutton, Surrey SM2 5PT 


The work described in this exhibit has been published in 
The British Journal of Radiology, 51, (1978) p. 925). 


INTERNAL MORPHOLOGICAL ANALYSIS BY NMR 
IMAGING 


By W. S. Hinshaw, E. R. Andrew 
P. A. Bottomley, G. N. Holland, W. S. Moore 
and B. S. Worthington 


University of Nottingham 


NMR is a well-established method of studying the properties 
of materials at the molecular level. The technique has 
recently been applied to studying the internal structure of 
biological material by mapping the distribution of the 
density of protons especially those with considerable 
thermal motion in cellular water and lipids. 

The apparatus has an 8 cm sample chamber mounted 
within a large magnet and a 30 MHz NMR spectrometer 
operating in the pulse Fourier transform mode which is used 
to excite and observe the resonance phenomenon. 

Coronal NMR sections through the head and forelimbs of 
a rabbit are shown with the corresponding anatomical 


sections, followed by a transverse NMR section through the 
wrist of one of the authors with a representative cadaver 
section. The dark areas correspond to regions of high mobile 
proton density such as marrow and fat; the light areas to 
low proton density as in cortical bone and tendons. As with 
CAT scanning resolution of soft tissue detail is at a premium 
but NMR imaging is not confined to the transverse plane 
and any plane in any orientation can be selected. There are 
grounds for anticipating that NMR will be more than a mere 
alternative to CAT scanning for it may prove possible to 
achieve a useful degree of tissue discrimination and charac- 
terization by analysing components of the complex NMR 
signal. 


A RANGE OF TEST OBJECTS FOR EVALUATING 
THE PERFORMANCE OF CT MACHINES 


By D. R. White,* R. D. Speller,f P. M. Taylor,* 
R. Darlison,* A. Rickwood* and B. Hornt 


* Radiation Physics Department 
St. Bartholomew’s Hospital and 


tDepartment of Physics as Applied to Medicine, 
Middlesex Hospital Medical School, London 


A comprehensive range of test objects based upon high 
precision tissue substitutes has been developed specifically 
for CT scanners. Evaluation plugs for resolution, sensi- 
tivity, slice thickness, etc may be inserted into regular 
geometry and realistic skull, abdomen and thorax sections, 
The range of test objects were shown together with some 
typical results. 


CELLULAR DNA AND PROLIFERATION IN 
RADIOTHERAPY OF CERVICAL CANCER 


By B. Dixon and C. J. Carter 
Cookridge Hospital, Leeds 


Two techniques were illustrated for the determination of the 
cellular kinetic status of pretreatment tumour biopsies 
obtained from patients referred for radiotherapy for car- 
cinoma of the cervix. The first involved the use of tritiated 
thymidine and incubation of biopsies within a hyperbaric 
oxygen capsule and the second the imprinting of cells on 
microscope slides followed by measurement of nuclear 
DNA, by Feulgen photometry with a Vickers M85 flying 
spot microdensitometer. Data obtained by the two tech- 
niques were compared and related to follow-up studies of 
patients for up to two years following radiotherapy. 


A SIMPLE INEXPENSIVE DATA PROCESSIN 
FOR RADIOTHERAPY DEPARTMENTAL NOTES 


By M. J. Ostrowski and A. W. Jackson 


Department of Radiotherapy and Oncology, 
Norfolk and Norwich Hospital, Norwich 





The Norwich Radiotherapy and Oncology Centre, which 
serves the population of Norfolk, receives patients from a 
number of hospitals in the region which each have their own 
internal note system, so that an individual patient may have 
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up to four independent sets of notes. The department 
maintains its own note system in order to provide continuity 
of care for these patients. This has produced a storage 
problem which was exacerbated when plans to build a new 
department were abandoned due to economic factors. 

‘The departmental notes are used to record basic details of 
the patients, the diagnosis, and a treatment summary as well 
as follow-up annotations on progress and additional therapy. 
Quick access is essential to answer enquiries and deal with 
emergencies. Our problem has been solved by adapting 
an Olivetti word processing system. This consists of an 
electric typewriter which can automatically type at a speed 
of 150 words per minute, two high capacity external 
memories containing 250,000 characters each on inter- 
changeable magnetic tape cartridges, a control console 
consisting of eight push-buttons with built-in lights which 
set the system in its different working modes and four 
signalling lights to indicate the appropriate function in use, 
and a central unit controlling the operations of the machine 
in accordance with the operator's instruction. 

The basic information on the patient and the treatment 
summary is broken down into 15 separate headings, using a 
very simple standard form of abbreviation. These headings 
ure typed into the machine to be stored and later repro- 
duced as a single line entry of 84 characters, the machine 
being able to sort on 60 of these characters. A treatment 
processing form is completed for entering onto tape when 
all new patients have completed their primary therapy, so 
that an updated record of all new patients attending the 
department is maintained. A second tape is used to store 





follow-up annotations which are summarized at regular 

intervals, 

The advantages of this system are: 

1. Itis inexpensive compared with a dedicated computer. 

2. It does not require a special program, so that errors due 
to coding are eliminated. 

3. The simplicity of the system means that no specially 
trained staff need to be employed and that all members of 
the department can use it. 

4. The equipment is easy to operate and the typewriter can 
be used when the word processor is not needed. 

5. The departmental storage problem has been solved and 
two years intake of new patients can be held on one tape. 

6. The machine is able to print basic details of the patients 
instantly and information can be retrieved and updated 
as and when necessary. 

7. A spare tape can be made in case of accidents and stored 
in another part of the department or hospital. 

8. The “standard letter facility’ on the machine can be 
used for writing reports and scientific papers which often 
require repeated correction before the final version is 
reached. ‘The draft report is stored on tape. Any amend- 

ments, deletions or corrections can be typed in so that a 

fair copy in context can be produced at any time, the 
modifications being inserted automatically. 

9. Finally, the machine can be used for departmental 
research, enabling one to obtain lists of patients under- 
going a specific therapy or of patients with a particular 
disease state, so that the quality of work performed by 
the department should improve as a result. 





Book review 


Radiation-Associated Thyroid Carcinoma. Edited by L. J. 
DeGroot, L. A. Frohman, E. L. Kaplan and S. Refetoff, 
pp. xx~-539, illus., 1977 (Grune & Stratton, Inc., New 
York), $17.50, 

This book is the published proceedings of a workshop 
conference held at the University of Chicago in late 1976. 
‘There are over 40 different papers grouped into the 12 main 
sections plus discussion and panel reports and summaries. 
‘The participants were almost entirely from North America 
and inchided most of the well known American experts on 
thyroid disease and in particular those associated with the 
investigation of patients potentially at risk from childhood 
irradiation. 

The main subject headings concern the scanning pro- 
grammes of patients at risk, useful general discussion of the 
staging and classification of thyroid tumours in general and 
their natural history and then the more contentious matter 
regarding the real nature of these “occult” micro-tumours 
which seem to run such a benign course. Much of the 
information has already been published elsewhere in medical 
journals but is here summarized and occasionally up-dated 
to give a useful collection of work on the subject. 

The association with childhood irradiation—usually of 
the thymus, tonsils and adenoids or skin conditions, was first 
recognized in 1950 and is entirely associated with papillary 
tumours. No medullary or anaplastic carcinomas were seen. 


The scanning programmes have also shown an increased 
number of parathyroid adenomas than would be expected. 

Though various points of view are expressed in these 
papers and discussion, there is a clear majority feeling that 
these “occult” carcinomas—usually only a few millimetres 
in diameter (whether they are radiation induced or not), do 
not seem to run a malignant course and the tendency now is 
for less drastic surgery than was at first advised. By the time 
nodular lesions are palpable or visible on scan, they are no 
longer “occult” and active therapy is then certainly called 
for. 

The book provides a most useful up-to-date collection of 
views of acknowledged experts and the panel reports 
provide a summarized and generally acceptable view of the 
whole problem. They are not necessarily unanimous and 
where conflicting opinions are held this is still made clear 
in these reports. It is also recognized that future work and 
longer follow-up may produce new facts and alter current 
attitudes. 

It is perhaps unavoidable that such a work lacks an index 
but the lack of running (page) headings does not help one in 
finding one’s way through the book. Nevertheless this book 
provides a most useful summary in balanced form of the 
whole question of thyroid carcinoma linked to childhood 
irradiation of the head and neck and is to be commended as a 
valuable compilation to all workers in this field. 

D. H. KEELING. 
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Forthcoming events and other notices 


The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and its associated bodies on the basis of charging at £1-00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(i.e. April 20, for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 32 Welbeck 


Street, London W1M 7PG. 


An ADVANCED COURSE IN CARDIAC ULTRASOUND 

This course, to be held at Harefield Hospital, April 23-27, 
1979, is intended for doctors and technicians already working 
in the field or with some knowledge of the subject. It will be 
under the direction of Ronald Pridie and Stuart Hunter. 
Other speakers will include Derek Gibson, Grahame Leach, 
Robert Anderson, John Gore and Dan Thunstall-Pedoe. 

Residential accommodation is available. Applications to: 
Mers. L. Grieve, Ultrasound Department, Harefield Hospital, 
Harefield, Middlesex. 


1979 Tue BRITISH INSTITUTE oF RADIOLOGY ANNUAL 
CONGRESS 

The 37th British Institute of Radiology Annual Congress 
and Scientific Exhibition will be held at the Middlesex 
Hospital Medical School on April 26-27, 1979. Included in 
a programme of invited papers on diagnosis, therapy, 
radiological physics and nuclear medicine topics will be the 
Presidential Address by Mr. W. M. Ross entitled The 
Institute, yesterday and tomorrow, and the Silvanus Thomp- 
son Memorial Lecture by Professor G. E. Adams on Past, 
present and future of hypoxic cell sensitizers. 

Details and registration from The British Institute of 
Radiology, 32 Welbeck Street, London W1M 7PG. 


CONVERSAZIONE 
The British Institute of Radiology Conversazione will be 
held at the new Royal College of Radiologists house at 
38 Portland Place, London on May 16, 1979. 
Further information from the General Secretary, The 
British Institute of Radiology, 32 Welbeck Street, London 
W1M 7PG (01-935 6237). 


EUROPEAN CONGRESS OF XERORADIOLOGY 

A congress of xeroradiology organized by the Fondazione 
Internazionale Menarini will be held in Venice, Italy from 
May 11-13, 1979 inclusive. 

The three day programme will include invited and 
proffered papers and teaching seminars on all aspects of 
xeroradiographic techniques, imaging and directions of 
future development. 

Further information may be obtained from the Organ- 
izing Committee, European Congress of Xeroradiology, 
Dott. ssa Angela Peroni, Fondazione Menarini Inter- 
nazionale, Piazza Del Carmine 4, 20100 Milan, Italy. 


Tuirp European NUCLEAR MEDICINE Society MEETING 

This meeting will be held in Karlovy Vary, Czechoslovakia, 
May 15-18, 1979 and is organized by the Czechoslovak 
Society of Nuclear Medicine and Radiation Hygiene. 

The official languages will be English, French, German 
and Russian and simultaneous interpretation will be 
provided. 

Registration: Czechoslovak Medical Society, J. E. 
Purkyne, 3rd European Congress of Nuclear Medicine, 
Sokolská 21, 120 26 Praha 2, Czechoslovakia. 


MACKENZIE DAVIDSON MEMORIAL LECTURE 
To be given by Dr. G. B. Schofield, Medical Officer, 
British Nuclear Fuels Ltd., on Biological control in a 
plutonium production facility at The British Institute of 
Radiology, 32 Welbeck Street, London, W1 on Thursday, 
May 17, 1979. 
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PAEDIATRIC RADIOLOGY 

A two-day course in diagnostic paediatric imaging will be 
held at the Institute of Child Health, Hospital for Sick 
Children, Great Ormond Street, London, WCI on May 
17-18, 1979. The main theme of this course will be the 
thorax. 

Further details and application forms are available from 
The Secretary, Department of Paediatric Radiology, The 
Hospital for Sick Children, Great Ormond Street, London 
WCIN 3JN. 


23RD CROOKSHANK LECTURE 

The 23rd Crookshank Lecture on Genetic Engineering and 
Public Concern will be delivered by Sir Gordon Wolsten- 
holme O.B.E., F.R.C.P., at 66 Portland Place, Londen at 
4.30 p.m. on Friday May 18, 1979. The Chair will be taken 
by the President of the Royal College of Radiologists, 
Professor R. E. Steiner M.D., F.R.C.P.,P.R.C.R. The lecture, 
which is open to all members of the medical profession, 
will be preceded by the admission of Fellows. Refresh- 
ments will be served from 4.00 p.m. and admission is free 
without tickets. 


INTERNATIONAL SYMPOSIUM ON INTERVENTIONAL 
RaDIOLoGY 

An E.A.R. Symposium, organized by the Portuguese 
Society of Radiology and Nuclear Medicine, will be held 
May 30-June 2, 1979 in the Algarve, Portugal. 

Proposed sessions include vascular therapy; selective em- 
bolization and management; catheter implantation in 
chemotherapy and percutaneous treatments; ultrasonic 
guiding techniques and nuclear imaging as a guiding tech- 
nique for biopsy and fluid aspiration. 

For further information contact the Portuguese Society of 
Radiology and Nuclear Medicine, 123, 1.° Esq., Avenida 
Elias Garcia, Lisbon 1, Portugal. 


Nuc Lear CARDIOLOGY 

A workshop organized by the Nuclear Medicine Com- 
mittee of The British Institute of Radiology, to be held on 
June 20, 1979 at St. Bartholomew's Hospital, Gloucester 
House, Little Britain, London, EC1. Anyone wishing to 
make a presentation should contact Dr, K. E. Britton, St. 
Bartholomew’s Hospital. 

Further information regarding this meeting can be ob- 
tained from the General Secretary, The British Institute of 
Radiology, 32 Welbeck Street, London WIM 7PG (01- 
935 6237). 


INTERNATIONAL SKELETAL SOCIETY 

Tne International Skeletal Society announces the 6th 
annual refresher course, August 31—September 2, 1979 at the 
München Sheraton Hotel, München, Bavaria, Federal 
Republic of Germany. Fees: US$250; residents and regis- 
trars US$125; US$100 for one-day attendance. Speakers are 
outstanding scientists in the field of radiology, pathology 
and orthopaedic surgery. 

Chairman: Prof, Dr. F. Heuck, Kriegsbergstr. 60, D-7000 
Stuttgart 1. 

Contact: Interplan-Kongressdienst., 
1D-8000, München 2. 
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TV Evrorgan Concress or RADIOLOGY 

The IV European Congress of Radiology will take place 
n aaa (German Federal Republic), September 4-8, 

Scientific programme: 
diagnostic research of organs of the upper abdomen; 
diagnostic research in nuclear medicine: organs of the upper 
abdomen; 
radiotherapy in tumours of the genital system of males and 
females; 
radiobiology and X-ray protection (combined therapies and 
risks of ray exposure); 
radiophysics and techniques (methodical problems in diag- 
nostics and in planning of radiotherapy). 

Enquiries: Secretary of the IV European Congress of 
Radiology, Postfach 10 64 07, D-2000 Hamburg 1, 
Federal German Republic. 


QUANTITATION OF TUMOUR RESPONSE: A CRITICAL 
APPRAISAL 

The L.H. Gray Conference will be held in Cambridge, 
England, during the week of September 10-14, 1979. The 
topics of the meeting are intended to stimulate a critical 
appraisal of the techniques that are currently in use both 
experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
in situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies. 
Factors of prognostic significance. 
dn vitro assays of tumours excised after treatment in vivo. 
The choice of suitable experimental models in rodents. 
The role of human tumour xenografts, 


Statistical evaluation of tamour response data. 
The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in situ 
response, 

Further information from Dr. J, Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


SYMPOSIUM ON SPINE AND ITs CONTENTS 

E.A.R. “Symposium Vertebrologicum’’ (Spine and its 
Contents) will be held from April 23-25, 1980 in Prague, 
Czechoslovakia. 

The subjects of this symposium will be recent advances 
and experiences in the: 
(a) Equipments and investigative methods of spine and 

spinal cord. 

(b) Radioanatomy and physiology of spine and spinal cord. 
(c) Radiodiagnosis of pathological conditions. 
(d) Interventive (diapeutic) radiodiagnostic methods. 

For further information contact (not later than June 
1979): The secretariate of “Vertebro 1980”, P.O.B. 88, 
Sokolská 31, 120 26 Praha 2, Czechoslovakia. 


XV INTERNATIONAL ConGress or RADIOLOGY 

The XV International Congress of Radiology will take 
place June 24-July 1, 1981 in Brussels, Belgium. 

The Scientific activities of the Congress as well as the 
scientific and technical exhibitions will take place in the 
Brussels Exhibition Centre. 

Further information from: Secretariat ICR-81, Ave. 
Winston Churchill 234B-Box 16, B-1180 Brussels, Belgium. 





Corrigendum 


The following misprint has been noted. Hyperbaric 
oxygen and radiotherapy: A Medical Research Council trial 
in carcinoma of the cervix; BRITISH JOURNAL or RADIOLOGY, 
Vol.51. November, 1978, page 882, Table V: 

The first figure in the final column appearing as 0.034 should 
in fact read 0.34. ` 

We apologize for this error. 
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Diagnostic ultrasound in clinical obstetrics and gynecology 262 
Management of primary bone and soft tissue tumors 267 
Atlas of carotid angiography 272 
Recent advances in ultrasound diagnosis 280 
Prevention and detection of cancer. Part 1: Prevention Vol.1 : Etiology 280 
Radiologic examination of the orohypopharynx and esophagus 288 
Positioning and technique handbook for radiologic technologists 301 
Bone tumors, general aspects and data on 6221 cases 301 
Breast carcinoma. The radiologist’s expanded role 307 
Radiation effects: ESR and ENDOR analysis 314 
Reconstruction tomography in diagnostic radiology 314 
Roentgenology of the gall-bladder and biliary tract 321 
Radiology of the gallbladder and bile ducts 321 
L’angiographie digestive chez l’adulte et Penfant 329 
Atlas of brain anatomy for CT scans (using EMI terminology) 329 
Radiology study guide 335 
Radiation-associated thyroid carcinoma 350 


Book received 


Receipt of the following book is acknowledged as a courtesy to the sender. This publication has been lodged in the Library 
of The British Institute of Radiology for the use of members. 

Prevention and Detection of Cancer. Part 1—Prevention. Volume 2—Etiology - Prevention Methods. Edited by H. E. Nieburgs, 
pp. xix-+ 1205, illust. (Marcel Dekker Inc., New York and Basel), 1978, Sw. Fr. 190. ISBN 0-8247-6682-2. 


Medical Chart received 


Receipt of the following chart is acknowledged as a courtesy to the sender. The chart in question has been lodged in the 
Library of the British Institute of Radiology for the use of members. 
Birxner’s RADIOLOGICAL CHART OF THE HUMAN SKELETON (Urban & Schwarzenberg, Munich) DM58. 


APPEAL 


A permanent home for British radiology 


The Appeal Committee Professor J. H. Middlemiss, CMG 


Sir Jan Lewando, CBE (Chairman) ee he nie KBE, FRS 
Professor G. H. du Boulay (Appeal i 





: Sir John Read 

Co-ordinator) Mr. C. F. E. Shakerley 
Mr. L. Barr Smith Dr. S. Cochrane Shanks, CBE 
Dr. Julian Bloom Professor Sir David Smithers 
Professor Sir Richard Doll, Kt, OBE Professor R. E. Steiner 
The Lord Hunt of Fawley, CBE Dr. Herman D. Suit 
Mr. Kevin Hughes, OBE Dame Janet Vaughan, DM 
Sir Peter Kerley, KCVO, CBE Professor Sir Brian Windeyer 
Professor L. F. Lamerton The Lord Zuckerman, OM, KCB, FRS 


Sir Thomas Lodge 
Dr. J. F. Loutit, CBE, FRS 
Professor W. V. Mayneord, CBE, FRS 


The President of the Institute and Appeal 
Executive Committee members 
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Only the Diamentor-D 
measures total area exposure 





Diamentor-D fulfills the vital 
need for protecting the patient, 
radiologist and X-ray personnel 
against unnecessary exposure during 
routine X-ray examination. The 
instrument measures the total useful 
output from a diagnostic X-ray tube 
and, therefore, the area exposure to 
the patient in R. cm?. Further, it 
provides teaching establishments 
with the ability to demonstrate 
quickly and visibly to their students 
the importance of attaining the skills 
of the practised radiologist and 
radiographer in achieving minimum 
‘patient dose’. 

The Diamentor-D meets fully the 
requirements for training 
establishments; recommended by 


the Dept. of Health in its ‘Code of 
Practice for the protection of 
persons against ionizing radiations 
arising from medical and dental use’ 
1972, Section 3.5.8. 


The transparent ionisation 
chamber, available in two sizes to fit 
any make of X-ray tube fits easily 
onto the light beam diaphragm, and 
there is no disturbance either to the 
patient or radiologist. 


Radiographic and screening 
exposures are integrated and there 
is a continuous digital display of the 
reading. The Diamentor-D can also 
provide an audible indication of 
exposure rate and an accurate 
measurement of screening time. 

For more details contact your 
X-ray equipment supplier, or 
complete and return the coupon. 


Picture shown here by arrangement with 
GEC Medical Equipment Limited. 


JE Radiatron 
~ Components Ltd 


Crown Road, Twickenham, Middx TW1 3ET. 
Telephone 01-891 1221 Telex 267807 


Please send me full details of the 
Diamentor-D. 


NAME 
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COMPANY 





ADDRESS 


POST CODE 
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SIEMENS 


Computed Tomography with 
unique performance and 
universal use. 


Based on their experience in 
X-ray engineering and 
electronics, SIEMENS have 
developed the universal 
answer for today’s needs in 
computerised tomography. 
The SOMATOM combines 
the advantages of specialised 
head and body units with 
unique performance data. 
Two years of clinical 
experience at a large number 
of installations 
have proven the 
superiority of the 
SOMATOM 
design and its 
reliability in 
day-to-day 
routine operation. 






In the world of Computed Tomography 
Siemens has the answer. 


Body Imaging 

Flat dual conveyor table. Auto slice location 
with TOPOGRAM facility. True air-scan 
with large high-resolution SECTORSCAN. 
Excellent all-round patient access. 


Performance 


Rotate only fan-beam geometry. Shortest 
scan time 2.5 sec. Instantaneous image 


reconstruction. Pulsed radiation for minimum 


patient exposure. High-efficiency solid- 
state DUAL-SCINTILLARC detector 
system. 





Image Evaluation 


Easy-to-use diagnostic aids contained in 
operators console. Remote diagnostic 
viewing centre EVALUSKOP with over 40 
sophisticated routines. 


Single-frame or multi-format camera system. 





Head Imaging 


Standard tilting gantry for direct coronal slices. 
Accurate light beam localisation. Sagittal and 
coronal reconstruction programmes. Excellent 


density and spatial resolution. Selectable 
convolution filters. 





Clinical Operation 


Push button selection of exposure 
parameters. Variable slice thickness. Fast 
scan sequences- 20 slices in under 

4 minutes. Simple start-up and calibration 
procedures 


Radiotherapy Planning 


Integrated mini-computer and display 
system EVADOS for rapid optimisation of 
treatment plans, either from conventional 
contour drawings or CT images. Based on 
well-proven SIDOS-U system 


For further information and samples of 
clinical images please contact: 
Siemens Limited, Siemens House, 
Windmill Road, Sunbury-on-Thames, 
Middlesex TW16 7HS. 

Telephone Sunbury (09327) 85691 
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F THE INSIDE STORY. 


CT scan. Cross-section of brain. 
Cerebral atrophy. 
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Scintillation scan 
Spinal column. 





We want you to get all the details possib yle in your 
lagnostic pic tures. 


That’s why we have a technical assistance service. 


We'd like to he Ip you take full advantage of the qui ality 
væve built into all our profe ssional instant films. 

And since the picture can’t be better than the 
nage on your video monitor, our experts are prepare dto 
e Ip} you achieve optimum results from your particular 
lagnostic € quipme nt. 

Polaroid black-and-white Land films have the 
*nsitivity, resolution, exposure latitude and grey scale 
apability necessary to give you exce llent diagnostic 
hotographs onthe spot. One of our films will give you 
otha positive and a negative instantly. With our 
‘olacolor 2 film you can record high-resolution c olour 
nages in 60 seconds. All of our incase self-developing. 
‘ou aon! t need a darkroom or processing equipment to 
et the pictures you want. 


Scintillation scan. 


Disease of joints. 


Ultrasound scan. 


Ectopic kidney. 


Facial thermogram: 


These films are being used in computerise ad 
tomography, ultrasound imaging, nuclear medicine and 
thermography. If you’re w orking i in any of these fields, 
make our technical assistance service part of your 
diagnostic system. It costs you nothing. 

For more information dial 100, ask for Freefone 
2143 and speak to Ray Taylor or write to Pol: roid (U.K.) 
Ltd., Business and Professional Products Division, Ashley 
Road, St. Albans, Herts., AL1 5PR. 

We can’t help you diagnose your patients’ troubles, 
but we can certainly help you | diagnose your photography. 


Polaroid, 


Polaroid’ and ‘Polacolor are re gistere d trademarks of Polaroid C orporation, G89 
Cambridge, Mass., USA. Copy right Polaroid Corporation 1979. 


Precise localization and 
simulation 


PHILIPS 


The Philips localizer/simulator can match 
precisely the settings of any type of megavoltage therapy 
machine from the smallest cobalt unit operating at 60 cm to the 
largest linear accelerators or betatrons with source to isocentre 
distances up to 130 cm. 

The conflict, common to all simulators, between image size 
and free movement has been solved in the Philips unit by using 
a relatively small image intensifier arranged to scan an area 
of 59 cm squaye - larger than the biggest stationary intensifier 
can cover. Moreover, since the image intensifier weighs much 
less than a large stationary intensifier the gantry can be of 
lighter construction, without loss of accuracy. In fact the 
superb mechanical engineering ensures isocentric accuracy of 
+ 1mm. If you have a Cobalt 60, Betatron or linear accelerator - 
install a Philips Localizer/Simulator and experience inprove- 
ment in treatment preparation. 


N.V. Philips’ Gloeilampenfabrieken pHiups|) Medical 
PCP/Medical Systems Division 

Building QM, Eindhoven, The Netherlands S Systems 
Philips Medical Systems 


A Division of Philips Electronic and Associated Industries Ltd 
45 Nightingale Lane, London SW12 8SX 





Your raph 
cinriara 
R grapny 


Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 


Agent for Bone Scintigraphy f 
Our Technetium (MDP) Agent gives you the best skeletal visualization HE 
available today. The high bone uptake and rapid clearance from blood 4 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. = 










New Agent for Lung Scintigraphy 


Our new Technetium (MAA) Agent offers 
detailed lung visualization, with no interference 
from the liver. Particle size is strictly controlled with 
the majority in the range of 10—80u. 


New Agent for Liver Scintigraphy  =__ 

The latest addition to our . | í m 
range isthe unique Technetium ; y 
(tin colloid) Agent. Its preparation 
is much simpler than sulphur 
colloid agents and requires no 
heating stage. It will visualize liver 
and spleen and unlike agents 
based on phytate, the colloid is 
formed in the vial, allowing 
quality control checks prior to 
injection. 
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The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444, 
in W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307-4693-97. 
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Clinical and 
Experimental 
Applications of 
Krypton 81m 


Edited by J. P. Lavender 


The British Journal of Radiology 
Special Report 15 


This work is composed of papers presented at an 
international Meeting held in June 1977 con- 
cerned with a new physiological tool; the use of a 
very short-lived radioactive gas krypton 81 m. 


Krypton 81m is a noble gas with a 13 second half 
life available from a portable generator with a half 
life of 4% hours, Although known for a number of 
years it has only been used with any frequency by 
physiologists and clinicians since 1975. 


The first section of the book deals with the 
production of the parent isotope rubidium 81 and 
the design of generators. The second section 
comprises a series of papers concerned with the 
use of the equilibrium image as both a picture and 
a measure of ragional lung ventilation and per- 
fusion. it also outlines problems of deriving 
absolute values of lung function. In the third 
section, papers illustrate the use of krypton 81 m 
as a clinical tool in the diagnosis of pulmonary 
embolic disease and other pulmonary diseases 
and compare such information with that obtained 
from the more familiar xenon 133, In the last 
section the use of intra-arterial krypton as a 
marker of regional myocardial and cerebral blood 
flow is discussed. This technique, which has been 
most highly developed in the case of the myo- 
cardium, allows detailed images of the myo- 
cardial perfusion to be recorded. Perhaps its 
clearest application is in following rapid changes 
of regional myocardial perfusion in response to 
transient ischaemia, stress and drugs. 


The discussion following each paper allows an 


assessment of the value and place of this new 
technique. 


ISBN 0 905749 01 4 
ISSN 0306-2720 
Orders to: 


Price £12 


Publications 

The British Institute of Radiology 

32 Welbeck Street, London W1M 7PG 
(01-935 6237) 


or your local bookseller. 








RADIOLOGIST 
(SPECIALIST LEVEL) 


Applications are invited from suitably qualified 
Medical Practitioners. 


This position is a geographical, full-time appointment 
in the first instance for one year with eligibility for a 
continuing appointment thereafter. Conditions of 
appointment and rates of pay are in accordance with 
the hospital Senior Medical Officers wages board 
determination or in accordance with the terms and 
conditions laid down by the Health Commission of 
Victoria for payment of sessional medical officers. 
There are limited private practice rights within the 
hospital. 


The RMH Department of Radiology is a joint 
hospital/university venture and opportunities exist 
for teaching and developing sub-speciality interests, 
particularly angiography and interventional radiology. 


Further information regarding the appointment is 
available from the Director of Medical Services or 
from Professor W.S.C. Hare, Director of Diagnostic 
Radiology. 


Applications on the prescribed form, obtainable from 
the Executive Director, close on 18.5.79. 


Royal Melbourne Hospital, 
c/o R.M.H. Post Office, 
Victoria 3050, Australia. 





Pediatric Radiologist (2) 


Diplomate of American Board of Radiology, or 
eligible for examination, with one to two years’ 
training in Pediatric Radiology in a recognized 
center. Full time pediatric diagnostic roent- 
genology, including service, teaching, and 
research or clinical investigation. Opportunities 
for special procedures and ultrasound. Post 
carries an appointment in the Departments of 
Radiology and Pediatrics, University of Cincin- 
nati. Reply to: J. S. Dunbar, M.D., Director, 
Division of Roentgenology, Children’s Hospital 
Medical Center, Cincinnati, Ohio 45229, EOE/AA 


Employer. 








Just press the control handle and effortlessly 
guide the AMX to where you need it. Cardiac. 
Accident. X-ray. Paediatric. Over good or 
bad surfaces, thresholds, inclines or in 
lifts. And when you stop, the AMX locks 
securely for powerful, accurate work. 

The AMX is self powered by a 
specially developed 120v battery pack 
storing 10,000 mAs at 100kVp. Power 
that can drive the AMX for over a mile 
and still give you fully developed 
exposures. Occasional recharging 
in anormal 13 amp socket keeps the 
AMX fully powered. 

AMX brings a new standard of 
film quality into mobile x-ray- 
but don’t take our word for it. 

Let us show you how an AMX can 
help you-and give you more power 
to your elbow. 


the name that’s getting around 


INTERNATIONAL GENERAL ELECTRIC COMPANY OF NEW YORK 
worldwide leaders in x-ray technology 


AYT TAO] 
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home for 
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The Appeal Committee 

| Sir Jan Lewando, CBE (Chairman) 

| Professor G. H. du Boulay (Appeal Co-ordinator) 

| Mr. L E. Barr Smith 

| Dr. Julian Bloom 

| Sir Richard Doll, OBE, FRS 

| Mr. Kevin Hughes, OBE 

| The Lord Huntof Fawley, CBE 
Professor L. F, Lamerton 
Sir Thomas Lodge 
Dr. J. F. Loutit, CBE, FRS 
Professor W. V. Mayneord, CBE, FRS 
Professor J. H. Middlemiss, CMG 
The Lord Penney, OM, KBE, FRS 

| Sir Edward E. Pochin, CBE 

| Sir John Read 

Mr. C. F. E Shakerley 

Dr, S. Cochrane Shanks, CBE 

Professor Sir David Smithers 

Professor R. E, Steiner 

Or. Herman D. Suit 

Dame Janet Vaughan, FRS 

Professor Sir Brian Windeyer 

The Lord Zuckerman, OM, KCB, FRS 


The President of the Institute and Appeal 
Executive Committee members 


Funds are needed to secure a 
new permanent home for The 
British Institute of Radiology at 
36 Portland Place, London, W1, 
next door to the Royal College of 
Radiologists 


Donations and ideas to: 
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| Appeal Co-Ordinator, BIR, 32 Welbeck 
| Street, London W1M 7PG (01-935 6237) 































Municipal Hospitals of 
Rotterdam 


Wishing to work abroad? Then consider Hol- 
land. Rotterdam asks for the X-ray department 
of the Zuiderziekenhuis, because of coming re- 
turement of one of the radiologists and expansion 
of workload 


two radiologists 


Necessary qualification: British degree F.R.C.R. 
Appointment will be in part time civil service 
with private practice. 

Information can be obtained from the radiolo- 
gists dr. B. Speyer or dr. J.W. Fieggen, tele- 
phone 31-10-843311, extension 1103. 
Applications in writing should be sent to the 
Head of the Employment office, P.O. box 
70015, 3000 KT Rotterdam, Holland, and con- 
tain a curriculum vitae and photocopies of di- 
plomas. 


Vacancy number 79.228 / 96344 


Rotterdam 
Holland 
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AGFA-GEVAERT 


Forcontrast, 
definition, 
brilliance: 
CURIX RPI 


Further information from: 
Agfa-Gevaert Ltd., 

Medical X-Ray Sales Dept., 

27 Great West Road, Brentford, 
Middlesex TW8 9AX. 

Tel: 01-560 2131 
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| Our Afterloading Systems 
put brachytherapy right on target 


With the addition of our new caesium-137 gynaecological afterloading 
system, we now supply a comprehensive range of products for 
intracavitary and interstitial radiotherapy. 


Intracavitary radiotherapy 


Our caesium-137 “Manchester” 
afterloading system consists of X-Ray 
opaque PYC applicators which allow the 
“washer” “spacer” or “tandem” techniques 
to be used, The guide tubes are flexible 

and have o diameter of only 6.3mm 
overall. Complete kits are supplied sterilized 











The sources contain glass beads in welded 
stainless steel capsules assembled into 
flexible source trains for which special 
shielded containers are supplied. Iso-dose 
curves are available for each source train. 
individual sources and source trains are 
also supplied for most of the currently 
available remote afterloading systems. 


Cylindncal 
3 Source 





Locking washer 


_~ Spacer a 


v 
Source 


relaining sprang / 


Plastic ovoid 


Manchester 
“washer” technique 


Interstitial radiotherapy 


Oor iridium-192 flexible wire 
afterloading systems include complete 
sets of applicators and accessories for the 
Pierquin. Paine technique. All accessories 
for these systems are pre-packed ready 
for use and sterilized where necessary. 
Platinurn clad iridium-192 wire in 500mm 
lengths is readily available in activities up 
fo approximately 0.3mCi/mm providing 
exposure rates of up to 0.16 mR per hour 
at] metre, 


in packaging designed for maximum 
convenience in use. 
ie BL Active bead | 
y i [Stainless steel 
Pa ; 
tg Be 


The Radiochemical Centre 
Amersham 





lridium-192 “hairpins” and single pins: 
Thicker platinum coated iridium-192 

wire is supplied pre-shaped 

as “hairpins” and single 

pins for use with slotted 

guide needles which are 

made in stainless steel to 

the designs of Pierquin and 

Paine. 


Full information is available on request, 


The Radiochemica! Centre Limited, Amersham, England. Telephone: 024-04-4444 - 
in the Americas: Amersham Corporation, Minois 60005, Telephone: 312-593-6300 
in W. Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Telephone: 05307-4691 
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TERIZED ULTRASOUND 






SHIMADZU.....A New Imaging Series 
for More In-Depth Information & 
Reliable Diagnosis 


Multi-image diagnosis is an essential part of medical 
treatment. The reason is simple. More ac- 
curate diagnosis can be obtained by cor- 
relating several methods of image diagnosis. 
To ensure earlier and reliable diagnosis, 
Shimadzu is serving up-dated line of image 
diagnosis equipment — CT Scanner, Ultra- 
sonic Scanner, X-Ray Equipment...... 





















Shimadzu...... A total diagnostic imaging manufacturer since 1875. 
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INTERNATIONAL MARKETING DIV. 


14-5, Uchikanda 1-chome Chiyoda-ku, Tokyo Japan Phone: Tokyo 03-296-2352 
5 H l M A D Z l J Overseas Telex: No.0222-4275 SHMDT J Cable Address: SHIMADZU TOKYO 
SEISAKUSHO LTD. KYOTO uapan| SHIMADZU (EUROPA) GmbH 

4000 Düsseldorf 1, Johannes Weyer Str. 1 F.R. Germany 


Phone: (0211) 314061 Telex: 08586839 SHIM D 
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ENTERPRISES 
LIVITED 


Bath Road, Beenham, Reading, RG7 SPR. England. 
Yel: 073 527 2121. Telex: 848475. 

Cables; Devisotope Reading. 

Associate Gampmanies: 

Nuctear Enterprises GmbH, Munchen Germany, 


NE. Nuclear Enterprises S.A. neve, 
Nuciear Enterprises ine., San Carlos. California 


BOOKS FROM CHURCHILL LIVINGSTONE 


SPECIAL TECHNIQUESIN RECENT ADVANCES IN 
ORTHOPAEDIC RADIOLOGY AND 
RADIOGRAPHY MEDICAL IMAGING —6 









William J. Stripp Edited by Sir Thomas Lodge 
1979 64 pages 177 radiographs and R.E. Steiner 
77 half-tone illustrations paperback £3.50 1979 336 pages 


181 Half-tane + 23 line illustrations 


DIAGNOSTI C hardback £18.00 

RA DI OG RA p H Yy This new volume contains 18 review articles covering 
5 oe ka major developments in clinical radiology, and 

A CONCISE PRACTICAL MANUAL emphasises new imaging modalities such as 

Glenda J. Bryan ultrasound and CT scanning 

1979 Third edition 456 pages illustrated 


pipada 0 _ CLINICAL RADIOLOGY IN 
An essential text for all radiography students, this TH E TRO PI cs 


third edition has been completely revised, the 

chapters on radio-isotope and ultrasonic scanning Peter Cockshott and 

have been expanded and a new chapter has been Howard Middiemiss 

added on CT scanning Scheduled for publication in Summer 1979 





CHURCHILL LIVINGSTONE 


ger 23 Ravelston Terrace Edinburgh EH4 3TL 





PE 


SM ULTIGR: PH isan 
X-ray diagnostic r 
planigraphy and Bucky 
iography on recumbent patients. 


The unit permits the preparation of planigrap 
with linear, elliptical and spiral blurring. spiral 
blurring being particularly advantageous for 
objects with high image contrasts (head, 
skeletal planigraphs), multiple superimpositio 
(temperomandibular joint).and strongly 
interfering bodies close to the object 
(petrous bone). 

Zonography with linear. and circular blurring a 
Bucky radiography with vertical and oblique 
beam projection supplement the versatile 
application. 


Special Features 

* Complete floor clearance through use ofa 
ceiling support. 

% Unhindered access to the patient from al all side 

* Radiography in bed or on a trolley in front of 
the unit. 


* X-ray tube unit swings out for radiogre 
Bucky wall unit or for radiography with horizc 
lateral. beam projection on a cassette holder, 


+ Rotatable Bucky grid automatically conlered 
onto focus. 





xviii 


40 years of 
experience and 
expert 
knowledge 

can be made 
yours 

very easily 


Oidelft 


Oldelft England Ltd 
16 Barclay Road, Croydon CRO 1JN 
Tel. (01) 681 1171, telex 946154 


Odelscope: image-intensifier-improved 


fluoroscopy 


Adding the Odelscope to your 
fluoroscopic device is combining 
fluoroscopic screen convenience with 
the benefits of image intensification in 
a simple and effective way. The 
excellent image definition, the low lag, 
the wide-angle screen and the easy 
compatibility of the Odelscope with 
practically all fluoroscopic tables give a 
new dimension to fluoroscopy. 


Radiodiagnosis 

Odelca x-ray cameras 

100 mm System for spotfilm 
photography 

Deltorax chest film changer 
Odelscope image intensifier for 
fluoroscopy 


Ultrasound 

Real time linear phased array systems 
Cardiac phased array sector scanners 
General purpose gray-scale 
compound scanners 





Nuclear medicine 

Gamma cameras with complete range 
of accessories (e.g. multi-imager, 
whole body scanning bed) 


Radiotherapy 
4 and 15 MeV linear accelerators 
Cobalt units 





Head Office: Holland. 
xe Delft. Postt Te 





Belgie Belgique ; e e. Twe 
Te 31) 24 


Deutschland D 63 xessen/Lahn, Postfach 542 





France 914 


Italia 00146 Roma, Via della Vasca Navale 84, Tel (06) 55 84 311, 


Radiotherapy planning 
Simulix-Y simulator with Simtomix 
accessory for analog whole body 
tomography 


Pulmonary function testing 
Computerized equipment for the 
pulmonary lab 

Automated procedures in spirometry, 
flow/volume loop analysis and 
exercise testing 





Sverige 1 
Schweiz £ 
USA Farrtax, Virg 


el. (703) 573 70 


670, Tel. (08) 98 38 95, 
ee, Zelglistrasse 5, Tel (01) 92 91 318, 
0, 2735 Dorr Avenue, 
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Varian 

x-ray generator 
and 

image tubes 






Varian offers a 
series of x-ray image and 
generator tubes for medical diagnostic 
service. Glass and metal center section 
tube inserts with regular or high-speed 
rotors. Fully compatible with conventional 
glass tubes, yet delivering more life, 

and performance. Image tubes for 6”, 9” 
or dual mode service complete with 
power supplies ready for system 
installation. 


The heat integrator which protects any 
x-ray tubes from heat overloads is an 
other valuable money saver. 


Ask for more information 
about Varian’s x-ray tube products. 


Varian AG 

Electron Device Group 
CH-6300 Zug /Switzerland 
Tel. (042) 316655 

Telex 78789 
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SIEMENS 


Receptor lift 
with or without 
revolver mechanism. 


Angioskop KOS oan 


multi-directional eaaa a 
angiographic techniques 
respond to the need 

for versatility. 


Angioskop means cardio, cerebral and 
coronary angiography from any angle, with all 
round access to the patient. Angioskop may also 
be used where interventional techniques are 
being employed; for biopsies with exact 
ocalization and many more advanced 
radiological examinations. 

Special examinations requiring a free 
projection technique are possible. Free selection 
of projections in image intensifier and film 
changer operations (cranial, caudal and oblique) 
and magnification technique in p.a., a.p. and 
lateral projections 

Other features include: rapid conversion 
from fluoroscopy to radiography; can be 
extended for biplane operation with the addition 
of image intensifier x-ray tube and 3D system; 
large scales for adjustments and reproducibility; 
and automatic beam limitation to image intensifier 
size for radiation protection 

For full details of the Siemens Angioskop 
contact: Siemens Limited, Medical Group, 
Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex TW16 7HS. 
Telephone: Sunbury (09327) 85691 





Inthe world of 
radiographic equipment 
Siemens has the answer. 
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ACTON TECHNICAL COLLEGE 
RADIOGRAPHY EDUCATION COMMITTEE 


CONTEMPORARY THINKING ON 
MEDICAL IMAGING TECHNIQUES 


On July 4, 1979 at Edward Lewis Lecture Theatre, 
The Middlesex Hospital Medical School 


Topics to include: 


A REVIEW OF 
CURRENT MEDICAL IMAGING TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE IMAGING 
EVALUATION OF OBSERVER PERFORMANCE 
IMAGING FOR ONCOLOGY and RADIOLOGY 
LASERS and HOLOGRAPHY 


Present a Symposium | 





The symposium commences at 9.00 a.m., closes at 
4.30 p.m. The fee, inclusive of lunch etec., is 
£12.00 (not refundable) and cheques should be 
made payable to London Borough of Ealing. 
Fees to be sent by June 18th, 1979, to Accounts 
Office for attention of M. Grimshaw, MinstP., 
Symposium Organizer, Acton Technical 
College, High Street, London W3 6RD. Tel. 
01-993 2344, ext. 2129/2373. 
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American University Hospital 
Beirut, Lebanon 


WANTED 


Diagnostic Radiologist 
with special interest in 
Neuroradiology 


Salary and benefits commensurate with 
qualifications and experience. Campus 
lodging available if desired. 


Please reply to: 

Dr. R. O. Murray, 25 Wimpole Street 
London W1M 7AD 

Tel. 01-935 4747 








WAIKATO HOSPITAL BOARD 


Radiologist - Waikato Hospital - Hamilton 
New Zealand 


Applications are invited for the above positions on a full time or substantially full time basis. The applicant should 
be a suitably qualified medical practitioner with a Postgraduate Diploma in Diagnostic Radiology, and preferably 
some experience in Diagnostic Ultrasound. 


The department is a busy one ; currently the consultant staff consists of two full time and five part time radiologists. 


The Waikato Hospital has nearly 1,000 active beds and provides all standard and specialist clinical services, except 
neurosurgery and open cardiac surgery. It acts as a base hospital for a population of approximately 350,000 people 
and each year 70,000 X-ray examinations and 3,000 ultrasound examinations are performed. 


ACT Unit is expected within about five years and the hospital also has a Department of Nuclear Medicine. 


Hamilton has a population of about 100,000 and is surrounded by a rich agricultural area. There is a wide range of 
cultural and recreational activities, and education is available to tertiary level, 


Salary wili be in the scale $19,621 /$25,364 plus General Wage Order of $365 per annum. The commencement rate 
will be commensurate with qualifications and experience. Assistance with travelling expenses for overseas 
appointees will be given in accordance with the schedule attached to the conditions of appointment. 


Further enquiries should be directed to the Surgeon Superintendent, Waikato Hospital, Private Bag, Hamilton, 
New Zealand, i 


Requests for application forms and conditions of appointment should contain details of qualifications and age of 
applicant. These forms may be obtained from the Chief Executive, Waikato Hospital Board, P.O. Box 934, 
Hamilton, New Zealand, with whom applications close on 18 May 1979. 

















General Electric Company of America* came to 
Fothergill & Harvey for a body scanner patient support 
which would deflect by no more than 2” over a 60” length 
when carrying a 3001b person. Naturally the top had also to 
be X-ray transparent. We made the top of Carbon Fibre. 
And it easily exceeded GE’s specification. 


That’s because Fothergill has an expertise in carbon 
fibre which is probably unique in Europe. Moreover, the 
company has immense experience specific to radiological 
applications. 

Apart from patient supports for a wide range of 
equipment, Fothergill & Harvey has perfected compression 
plates whose rigidity, wear resistance, lightness and 
low-X-ray absorption properties represent very real 
progress. 

If you would like to know more about Carbon Fibre 
for all types of medical X-ray components, write to 
Fothergill & Harvey Ltd. at the address below. 


EIE Fothergill & Harvey Ltd 


Composites Division 
Summit, Littleborough, Lancs OL15 9QP. 
Tel: Littleborough 78831. Telex: 63262. 
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Cathetron 
Remote loading 
Intracavitary unit 
using Cobalt 60. 


The Cathetron has now been in clinical use 
for over a decade and is used by well over 
30 hospitals in nearly 20 different countries. 


Use of the Cathetron gives full protection, 
from radiation hazards, to all staff and 
reduces treatment time to minutes, thus 
ensuring that the Catheters stay in their 
correct location. These short treatment 
times mean that many patients can be 
treated as out-patients and therefore need 
not take up valuable bed space. 


The Cathetron is used for surface mould 
treatments; treatments of the oesophagus 
and bronchi as well as gynaecological 
cases. 


[TIIE]IM] instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex 87397, Grams TESTMENT CRAWLEY 
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CONRAY 
Let us put you fully in the picture 
about the ‘Conray‘range of contrast media 


y 


Angio-cardiography: j . Cerebral angiography: 
Cardio ~ ‘Conray’: f ; ‘Conray 280° 

‘Conray 420’: 
‘Conray 280’ 



















Abdominal-aortography: 
‘Conray 280’: 
‘Conray 420": 
‘Conray 325°: 
Cardio — ‘Conray’ 


Splenography and 
portal venography: 
‘Conray 280°: 
‘Conray 420°: 
‘Conray 325’ 








Gastroenterography: 
Gastro ~ ‘Conray’ 


Retrograde pyelography: 
Retro ~ ‘Conray’ 








Retrograde cystography: intravenous urography: 
’Conray 280": ‘Conray 325°: 
‘Conray 420° ‘Conray 420’: 
(suitably diluted) ‘Conray 280° 








Peripheral arteriography: 
‘Conray 280’ 


Venography: 
‘Conray 280": 


‘Conray 420°: 
‘Conray 325° 





Conray Contrast Media 


(Meglumine and sodium iothalamate) 


No matter what your particular our Medical Information Department 
requirements may be, there is almost (01-592 3060) 

certainly a presentation suitable. lf you Full information supplied on request 

are in any doubt whatever, contact your ‘Conray' is a trade mark of Mallinckrodt Inc. 


May & Baker representative or telephone May & Baker Ltd Dagenham Essex RM10 7XS 


A member al the Rhdne-Poulenc 
Group of Companies MA 7174 
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associated with The National Heart Hospital 


| Cardiothoracic Institute 
| 
l 
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SEMINAR 
on 


Wednesday 13th June 


9.00 Registration 
9.30 Physiology of the pulmonary circulation 
10.00 Cardiac enlargement 
10.30 Discussion 
11.10 Diseases of the aorta 
11.30 Cardiovascular calcification 
11.50 Isotope imaging in cardiology 
12.30 Discussion 
2.15 Radiology of heart failure 
2.35 Lung scanning and pulmonary embolism 
2.55 The postoperative X-ray 
3.15 Discussion 
3.30 Film quiz 


Thursday 14th June 


9.30 Clinical presentation of congenital heart disease 
10.00 The chest X-ray in the neonate 
11.00 Leftto right shunts 
11.20 Radiological differential diagnosis in the cyanosed 
patient 
11.40 Radiology of continuous murmers 
12.00 Discussion 
2.00 Left ventricular function in ischaemic heart disease 
2.30 Radiological assessment of patients for coronary artery 
surgery 
3.00 Basic echocardiography 
3.30 Two-dimensional echocardiography 
4.00 Discussion 


patemi aiia am 


CARDIAC RADIOLOGY 
13th and 14th June 1979 


Applications forms and further details from The Vice Dean’s Office, 
2 Beaumont Street, London W1N 2DX. (01-486 3043) 


The fee for the Seminar including lunches and refreshments is £34 








Peter Harris 
Simon Rees 


Maurice Raphael 
Michael Pearson 
Duncan Dymond 


Basil Strickland 
Peter Ell 
Margaret Branthwaite 


Jane Somerville 
Donald Shaw 
Michael Pearson 


Basil Strickland | 
Simon Rees 


Derek Gibson | 





Maurice Raphael 
Graham Leech 
Rodney Foale 





KapIC r O-S ep 
automatic elution 


Safe positive pressure system 





na YIM Easy to lift 
ny: 3 3 
$ Ota. i ; and handle 
Convenient, 
well-shielded eluate 
vial container 


Reliable performance and 
consistently high yields F 
from our unique Meee ; | Effective shielding, 
generator column, proved E ES $ minimizing radiation 
over many years Ve Gea A dose to the user 


Reliable service and 
supply. Despatched on 
any weekday 


Introducing our second generation generator 


hd 
vy 


The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024.04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 


XXX 


A high precision unit 
providing electronically 
controlled tomography 





A rigid free-standing high-precision tomographic unit, 
giving Zonography, multi-direction rectilinear, circular and tri- 
spiral movements. Electronic speed regulation devices accord- 

STRATOMATIC ing to focus film distance provide constant photographic effect 
at all angles. For simplicity of use and quality of films obtained, 
the Stratomatic is unsurpassed. 


STRATOMATIC U The Stratomatic U offers the same tomographic quality 
as the Stratomatic but in any degree of tilt (up to 120° each way). 








Full details and specifications from 


CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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U.I. OCTOSON 


A NEW STANDARD IN 
ULTRASOUND B- 


NORMAL UPPER ABDOMEN 
90084. 21.9.77. M.1. Y22i SF2.5 19DB 
a 


ee à = 
Whe aes 
Body of stomach J 


“SS 


M.1. Y201 SF2.5 20DB 
Pylorus 


"he satin 21.9.77. 


Antrum 


Further details from: 


DIAGNOSTIC SONAR LTD 


“We Specialise in Ultrasonics” 





SCANNING 


90064. 21.9.77. M.i. Yi61 SF2.5 21DB 


Distal body 


A = 
Barum of stomach 


NORMAL LIVER 


. JACKSON 7429+77 X061 SF2.5 07DB 
c Portal vein 


Inferior vena cava Gall 
bładder 


WEEET treo eee eee eeeergeesupereey 


Sagittal section 


1 Grange Road, 

Houstoun Industrial Estate, 
Livingston EH54 5DE. 

Tel: 0589 35165/6 

Telex: 72591 DSONAR 


EXX 


Pictures aren't 
always wortha 
thousand words 


pocket 
dosimeters 


g detection and 
measurement of 
gamma radiation 


ACCURATE 
ROBUST 
RELIABLE 


The Matrix 
Character Generator 


spells it out 








University of Witwatersrand, 
| Johannesburg 


Professor of Diagnostic Radiology 


Video-image identification can be dramatically 

improved by the recording of patient 

identification data directly onto the film at the 

time of imaging. 

The features of the Matrix Character Generator 

include- 

@ Up to 256 individual characters per image. 

@ The information can be positioned anywhere 
within the image area. 

@ Aselective erase feature permits updating of 
recorded information. 

@ The keyboard entry is touch sensitive and 
completely sealed. 


rnuciear 


Distributors tor: Atomic Development Corp 
Birchover Instruments - Capintec inc 
Diagnostic isotopes inc - Matrix Instruments 
Medicor - Omnimedical - Veenstra Instrumenten b.v. 


CRS ase contact- 
ed, 18 Bath Road, 
N1 ABA. Telephone: 0793-30578 








and Chief Radiologist, Baragwanath 
Hospital 


Applications are invited for the post of Professor 
of Diagnostic Radiology and Chief Diagnostic 
Radiologist at the Baragwanath Hospital. The 
appointee will be on the Joint staff of the Univer- 
sity and the Transvaal Provincial Administration. 
The appointee should be registrable as a specialist 
in Diagnostic Radiology. 


Duties are to be assumed on a date to be 
negotiated. 


Salary will be R17490 per annum, plus R1710 
pensionable allowance. At present a non- 
pensionable allowance of R5664 is payable for 
approved additional duties performed by the 
appointee. 


£1=R1.70 approx. 


Interested persons should obtain the information 
sheet relating to this post from the Registrar, 
University of the Witwatersrand, Jan Smuts 
Avenue, Johannesburg, with whom applications 
should be lodged by 31st May 1979. 





| 


xxxiii 


There’s far more 
to ILFORD... 


than moets the eye. 


You'll know them for their X-ray products. 


Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry—even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs—all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 


ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 
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The key 


Lightweight, durable Special cassette 
cassette construction- latch opens 
resists scratching, using one hand 


abrasion, damage 
in use. 


for easy loading 
or unloading of 
film. 





New colour coding Curved sides roll Patient identification 
makes service _ outair for total, window (Model Cl only) 
recognition uniform screen/ used to record patient 
uncomplicated. film contact. name, time of exposure, 
and other essential 
information helps 


eliminate error. 





that opened 
the door to 
roomlight 


handling 


With the Kopak ‘X-Omatic’ Cassette, Kodak created a 
remarkable cassette for diagnostic imaging. 

It could be opened with one hand. It was specially 
shaped to roll out air and give close screen/film contact over 
the whole area. And it was rugged. 

Over the years, the Kopak ‘X-Omatic’ Cassette has 
been improved. But it was that initial design that made it the 
only cassette that can be opened, emptied, reloaded and closed 
entirely by a machine: the amazing Kopak X-Omatic Cassette 
Multiloader. 

The Kopak ‘X-Omatic’ Cassette. It's the key to more 
efficient radiographic imaging. 











Kodak We care about your image 





Kodak and X-Omatic are trade marks. 








Special offer 





Back issues of The British Journal of Radiology 


Any edition of the B.J.R. up to and including December 1974 which is still 
available. 


50p per copy 


Available stock dates back to 1931 (not all months) 
Complete years: 1936, 1949, 1955, 1958, 1965, 1966, 1967, 1969 and 1970. 


Enquiries: 

British institute of Radiology, 

32 Welbeck Street, London W1M 7PG 

01-935 6237 and 6867 

All Journals subject to availability on receipt of order 





The British Institute of Radiology 


BIR Bulletin 


The Institute's quarterly Bulletin circulated to all members in the U.K. and 
overseas, includes advertising space and thus reaches a very specialized 
readership. 


The rates for advertisements are 


Whole page back cover £60-00 
Whole page £55-00 
Half page £35-00 
Quarter page £22-00 
Eighth page £13-00 


The format is that of The British Journal of Radiology. 


Would interested advertisers please contact 
Mrs. L. Surrey, Managing Editor 
The British Journal of Radiology 
32 Welbeck Street, London W1M 7PG 
01-935 6867 
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GET MOBILE IN '79 


Our range is wide, prices are reasonable 
performance outstanding and delivery is good: 












TR 100kV/30mA 


TR 125kV/40mA (fully rectified) 


Whatever your mobile problem Laoag rag LTD 
a 


: CHELMSFORD CMI 3DP 
contact us today for the answer: Į" chi HO E isi 


Condenser discharge units up to 6(00mAp 
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GUERBET 


Better contrast media through research 


Laboratoire GUERBET 
16-24, rue Jean Chaptal - 93609 Aulnay-sous-Bois - Cedex FRANCE 
Tél.:929.78.37 - Télex : 212382 F. 


1979, British Journal of Radiology, 52, 353-370 
VOLUME 52 NUMBER 617 


MAY 1979 


The British Journal of Radiology 





Review article 


Short-life radionuclides and regional lung function 


By J. M. B. Hughes, D. M., M.R.C.P. 


Departments of Medicine and Radiology, Royal Postgraduate Medical School, and Medical Research Council 
Cyclotron Unit, Hammersmith Hospital, London W120HS 


(Received March, 1978 and in revised form November, 1978) 


Contents 
INTRODUCTION 

1 Historical 

.2 Available isotopes 


THEORY AND METHOD 
1 Nature of the lung 
2 Measurement of ventilation distribution 
2.3 Measurement of regional blood flow 
2.4 Vascular and extravascular volumes 
2.5 Diffusion 


3. POSITRON EMITTERS 

_ 3.1 Nitrogen-13 

3.2 Oxygen-15 labelled H20 

3.3 Oxygen-15 and carbon-11 labelled CO2 
3.4 Oxygen-15 labelled CO 


4, Krypron-81m 

4.1 Theory 

4.2 Technique 

Clinical use 

4.4 Quantitative measurement of ventilation 
4.5 Distribution of pulmonary blood flow 
4.6 Use in children 


5. CONCLUSIONS 
5.1 Future prospects 


h INTRODUCTION 

Short-life y-emitting radionuclides are particularly 
suitable for studies of the function of different 
regions of the lung. All the important constituents of 
the gas in the lungs (oxygen, carbon dioxide and 
nitrogen) can be labelled with these isotopes. ‘Their 





Copies of this review article may be obtained from The 
British Journal of Radiology, 32 Welbeck Street, London 
WIM 7PG at a cost of £1; remittance with order please. 


distribution can be sensed by detectors placed 
externally so that the procedures are non-invasive. 
Because of their short physical half-lives (less than 
20 min), cyclotron-produced gaseous isotopes give 
little radiation exposure. 

The healthy lung achieves its function, the ex- 
change of oxygen and carbon dioxide, by main- 
taining an approximately equal flow of air and blood 
into each of the 300 million air sacs or alveoli. For 
each unit, the ratio of alveolar ventilation (VA) to 
blood flow (Q), the Fa/Ọ ratio, approaches unity. 
Nearly all cases of hypoxaemia (low arterial POs, 
breathing air) are associated with a wide dispersion 
of V4/O ratios through the lung. This can be studied 
in two ways using short-life radionuclides: (1) the 
distribution of oxygen (as 15O) or carbon dioxide 
(C02) can be monitored because the concentra- 
tion of either gas in any lung unit is determined by 
the local V'4/Q ratio, or (2) alveolar ventilation (Va) 
or blood flow (Q) can be measured separately using 
C150% or inert gases such as 18N or ®!Kr™, The 
second approach is generally used in practice. 

While measurements of the distribution of venti- 
lation and perfusion are not needed to assess the 
efficiency of the lung (there are simpler methods 
such as blood-gas analysis and routine pulmonary 
function tests) they may indicate whether it is venti- 
lation or perfusion which is the most affected. For 
example, the hypoxaemia and dyspnoea associated 
with pulmonary embolism (uneven distribution of 
perfusion with an even pattern of ventilation) 
demands different treatment from that seen in 
asthma, for example, where the abnormalities of 
distribution are predominantly ventilatory. 

Even in normal lungs there are inequalities be- 
tweeen local ventilation and perfusion; these are 
mainly related to gravity. The lung and the chest 
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wall (including the diaphragm) are relatively com- 
pliant and fairly easily deformed by their own weight 
and that of the heart and abdomen; this is particular- 
ly obvious when posture is changed (Amis et al., 
1977) or when the diaphragm is paralysed. In 
addition, the low pulmonary arterial pressure in 
relation to the height of the lung makes the distribu- 
tion of blood flow in an organ as large as the 
lung extremely gravity-dependent. Thus, the top- 
ography of ventilation and perfusion holds as much 
interest for the physiologist as for the clinician. For 
the radiologist, lung scans giving functional in- 
formation about flow distributions may be an im- 
portant adjunct to the anatomical information about 
structure provided by the chest radiograph. 

Topographical measurements with radionuclides 
have their limitations. For example, the distribution 
of radioactivity in the lung recorded with a gamma 
camera placed behind the subject is a two dimen- 
sional representation of a three dimensional struc- 
ture. Even if anterior and lateral views are used, con- 
siderable distortion is introduced because of attenu- 
ation of the signal from deeper parts of the lung. 
Attenuation also depends on the density of the lung, 
the thickness of the chest wall and the y-ray energy 
of the isotope. From front to back of an inflated lung 
10 cm thick there is a 45°, fall in counting efficiency 
for 8Xe (80 keV) but only 28% for positron 
emitters such as 13N (511 keV). Secondly, there are 
limitations imposed by the spatial resolution of the 
detecting devices. Maldistribution of ventilation and 
perfusion between respiratory units less than 1.5- 
2.0 cm diameter cannot be resolved with any 
accuracy, but /4/Q mismatching on a microscopic 
level is as frequent as that on a macroscopic scale. 
Finally, there is the problem, shared with conven- 
tional radiology, of overlapping of units with 
different function in the same counting field. Tomo- 
graphic devices are being developed in an effort to 
overcome this problem but they will be very ex- 
pensive. 


L1 Historical 

The first cyclotron on a hospital site was built for 
the Medical Research Council and was com- 
missioned at Hammersmith Hospital in 1956. Much 
of the early clinical and physiological investigations 
were carried out on the lung using molecular 150 and 
oxygen-labelled compounds such as C150, C150 
and H150. The work of Dollery, Dyson, Hugh- 
Jones, Matthews and West on the lung between 1958 
and 1962 became very well known. This early work 
is summarized in a recent book by J. B. West (1977) 
and I shall not describe it in any detail. 


TABLE I 
USE GF SHORT-LIFE RADIOISOTOPES FOR MEASUREMENTS OF 
REGIONAL LUNG FUNCTION 








— 
y-energy 
Isotope th (keV) Measurements 
8ikqirm 13 sec 190 Ventilation, blood flow 
CHO. 2.1 min 511 Blood flow, lung water 
| H0O 2.) min 511 Lung water 
CEO 2.1 min 511 Tissue diffusion, lung 


haemorrhage 


N 10 min 511 Ventilation, blood flow, 
volume, ventilation- l 
perfusion ratio | 

nco- 

red cells | 20 min 511 Pulmonary blood 


volume and flow 

















1.2 Available isotopes 

The principle short-life radionuclides in use now 
are listed in Table I. For obvious reasons, use of 
these nuclides is restricted to a few hospitals and 
centres in the vicinity of a cyclotron. Thus, for 
clinical measurements most investigators have 
turned to radionuclides with a much longer half- 
life, such as 133Xe or 99T'c™, Nevertheless, for cyclo- 
tron users, the main constituents of the dry gas 
fraction in the lung (oxygen, carbon dioxide and 
nitrogen) all have y-emitting isotopes (150, C150% or 
1COs, 13N) which are readily available. They be- 
long to a class of radionuclides called positron- 
emitters. When a positron combines with an electron 
in tissue, two photons are given off at 180 deg to each 
other. Since the photon emission for all positrons is a 
pair of 511 keV y-rays, J89N, UC, and 150 can be 
counted under identical geometric conditions. Thus 
Jones et al. (1975) could compare distributions of 
blood flow (13N), blood volume (CO labelled red 
cells), lung water (H2150) and gas volume (13N) 
under similar counting conditions. Using a pair of 
detectors facing each other, positron emission can be 
detected by coincidence counting in which the 
disintegrations are located within the cylinder 
formed by the two opposed counters. With two 
banks of counters facing each other, used in coin- 
cidence to produce a positron camera, the distribu- 
tion of radioactivity in two dimensions can be re- 
corded at different depths without heavy shielding. 
The application of tomography to radioisotopic 
measurements of regional lung function is eagerly 
awaited; preliminary measurements from Massa- 
chusetts General Hospital using a positron camera 
have been reported (Chesler et al., 1975) and work at 
Hammersmith is just beginning. 
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Fic. 1. 


Schematic diagram of the lung showing volumes and flows 
in the airway, alveolar, tissue and blood compartments. 


An interesting development in recent years has 
been §!Kr™ (half life 13 sec) given by continuous in- 
halation or infusion to measure ventilation and per- 
fusion distribution. Krypton-81m_ has several 
clinical applications, many of which were discussed 
at an International Meeting devoted to this isotope 
(Lavender, 1978). Immediate access to a cyclotron 
is not necessary because §!Kr™ can be generated 
continuously from its parent 8!Rb which has a 4.58 
hour half-life. The positron emitters (13N, 150) can 
only be used locally. Details about the production of 
these short-lived radioactive gases are given in an 
excellent book by Clark and Buckingham (1975). 


2. THEORY AND METHODS 
2.1 Nature of the lung 

It may help to review a few facts about lung 
structure and function (Fig. 1). Basically, the lung 
consists of airways which conduct gas into the 
alveolar compartment where Oz and COs diffuse into 
and out of pulmonary capillary blood, a tissue 
skeleton, and an extensive network of blood vessels. 
Most of the volume is contained in the alveolar 
compartment. The capillary volume is small (80 ml) 
but increases 2-3 times on exercise. The volume of 
blood in the arteries and veins is about 400 ml. The 
important physiological indices are flow per unit 
volume and Vs/O. Alveolar ventilation per unit 
volume is 1.33 min=! (4000/3000), about one- 
twentieth of the turnover of the dead space (27 
min“!) and one-fortieth of the turnover of capillary 
volume (56 min~!). The average time spent by a red 
cell in the capillary bed is less than one second. This 
is more than sufficient for the red cells to be fully 
saturated with oxygen because the diffusion distances 
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from alveolar gas to red cell are short (< 1m) and 
the rate of combination of oxygen with haemoglobin 
is rapid. The Vs/O ratio, together with the com- 
position of pulmonary arterial blood and inspired 
gas, determines the oxygen and COs tensions of 
each individual respiratory unit. A uniformly per- 
fused and ventilated lung with a ’4/O ratio of 0.88 
(4000/4500) would have an alveolar POs and PCO; 
of 100 and 40 mmHg respectively, and the haemo- 
globin of the venous blood leaving the lung would be 
97%, saturated with oxygen. 

Figure 1 considers the lung as a single compart- 
ment rather than as 300 x 106 separate units; never- 
theless, the principles remain the same, even though 
the individual values for flow/unit volume and 
V'4/O may show considerable dispersion around the 
mean. Inhomogeneities of ventilation are generally 
described as being in parallel or in series. Parallel 
differences exist between units and series differences 
refer to gradients of concentration from proximal to 
distal within a single unit. 


2.2 Measurement of ventilation distribution 

There are two main methods for recording 
regional ventilation. In the first, the subject takes a 
tidal breath of an insoluble marker gas, such as 3N 
or 133X¢, and holds his breath while count rates are 
recorded over the chest. If a gas with ultra-short 
half-life such as ®1Kr™ is used, a series of single 
breaths can be taken in succession without a pause 
and a similar result achieved (see section 4.1). 
Following the single breath, the count rate reflects 
flow and not flow per unit volume. Thus, it is in- 
fluenced by geometric factors such as attenuation 
and the volume of lung in the counting field. A 
second measurement is usually made after equi- 
librating the subject with the marker gas in closed 
circuit. If the concentration of isotope is the same in 
all lung units, the local count rate will be proportion- 
al to volume. Dividing the ventilation by the volume 
image takes into account these geometric factors in- 
cluding attenuation, providing both measurements 
are made at the same overall lung volume. 

A second method of measuring ventilation is to 
record the wash-in or wash-out of the marker gas. 
Following equilibration, the initial slope of the 
clearance represents the mean ventilation per unit 
volume of the region. After a single-breath, where 
the initial distribution is flow- and not volume- 
weighted, the mean ventilation per unit volume is 
proportional to the peak height (H) divided by the 
area (A) under the curve. 

There are pros and cons in each method. The 
clearance techniques give absolute values but spatial 
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resolution is poor because large areas must be 
chosen to overcome statistical problems. The single 
or multi-breath technique gives relative values only 
but, particularly with ®!Kr™, a more detailed 
topography. The shape of the clearance curve on a 
logarithmic plot may give some information about 
fast and slow pools but the latter part of the curve 
can be significantly influenced by radioactivity 
which recirculates back to the lung or gets into the 
chest wall. 


2.3 Measurement of regional blood flow 

When gases are used, there are again two prin- 
cipal methods. First, soluble gases such as C1502 
can be inhaled. After a single breath, their clearance 
from the lung field during a subsequent breath- 
holding period is proportional to flow per unit 
water (tissue and capillary blood) volume (West and 
Dollery, 1960), Second, insoluble gases such as 
133Xe, or in our case 13N or 81Kr™, can be dissolved 
in dextrose or saline and injected intravenously. On 
their arrival in the pulmonary capillaries, 80-95°% of 
the radioactivity (depending on their blood-gas 
partition coefficient) is evolved into alveolar gas 
where it is available for immediate counting. As for 
ventilation (see 2.2), a second measurement follow- 
ing equilibration is usually made to obtain regional 
perfusion per unit volume. The clearance of infused 
81Kr™ or 3N during subsequent ventilation is of in- 
terest because any delay or the presence of a slow 
phase indicates poor ventilation of perfused tissue 
(i.e. low V’4/Q units) within the counting field (see 
section 3.1), 


2.4 Vascular and extravascular volumes 

Double-indicator dilution theory (Chinard, 1975) 
can be applied to measurements of the transit times 
through lung regions for diffusible and non- 
diffusible tracers. Clasically, an intravascular tracer 
(Evans blue or Cardio green) and a water marker 
such as tritium (THO) are injected into the right 
atrium and are sampled downstream to the lung in 
a systemic artery. Fer each tracer the mean transit 
time is proportional to its volume of distribution 
between injection and sampling site divided by its 
tate of flow in blood. In its simplest form: 


where Vevw is the extravascular water volume, Vy 
and Vp are the volumes of distribution of the tritium 
and vascular tracers, fy and fp are the mean transit 
times for the water and vascular tracers and Ow is 
the water flow in blood (measured blood flow x 0.83). 
For regional measurements, H:!®O can be sub- 


stituted for tritium and !3]n™, which binds to plasma 
transferrin, is a convenient plasma intravascular 
label. Since regional Ọw is difficult to measure in 
absolute terms, and relative values (Oy/unit volume) 
would require equilibration with 13N to estimate 
local alveolar volume, Fazio et al., (1976) suggested 
the use of the ratios regional extravascular water per 
unit blood flow (ELW,/Q) and per unit blood 
volume (ELW,/Q), i.e.: 


ELW,/O==in — fh ey (2) 


X 


ELW,:/Q=(iw —BpVibp 000a (3) 


2.5 Diffusion 

The rate of transfer of gases from the alveolus to 
capillary blood is usually estimated from the rate of 
uptake of carbon monoxide. The principles involved 
in the measurement of alveolar transfer rates using 
C150 have been set out by West et al. (1962). 
Following a rapid inhalation the removal of C40 
from a lung counting field is the sum of two pro- 
cesses, (A) transfer from alveolar gas to capillary 
blood and (B) removal of labelled blood from the 
counting field by blood flow. The rate of diffusion 
(step a) is much slower than washout of the vascular 
bed (step B) and is rate limiting. Therefore, except in 
regions where blood flow is much reduced, the rate 
of disappearance of C150 from the counting field 
reflects diffusion and not blood flow. The rate of 
removal of C15Q», which is highly diffusible because 
of its conversion to H2150 and which leaves alveolar 
gas with a rate constant of 2 sec~!, can be used to 
correct the removal rate of C150 (rate contsant 0.07 
sec!) for any effects of blood flow. The C1502 
correction to the C15Q clearance rate is negligible 
if the C15Qz rate constant exceeds 0.3 sec™1; even so, 
C150 overestimates considerably the transit time 
through the capillary bed in which the C450 is 
distributed, because it enters the extravascular 
water pool (200 ml) in addition to the peripheral 
blood pool (80 ml). 


3. POSITRON EMITTERS 
3.1 Nitrogen-13 

Nitrogen-13 is a very insoluble gas which can be 
used to measure regional pulmonary blood flow, 
ventilation and alveolar volume in the same way as 
133Xe. Its insolubility means that regional ventila- 
tory clearance can be measured accurately through 
at least two decades, because the amount of 13N 
taken up into the body tissues and the chest wall is 
small. Most tissues will take up ten times more xenon 
than nitrogen and this leads to errors when the lung 
clearance of 133Xe is measured (Matthews and 
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Clearance of 127Xe and 18N (as percent initial activity) plotted against time for the right lower zone of a normal 

subject after equilibration for two minutes (left) and after intravenous injection (right) with first one, then the 

other gas. Note also faster clearance after the i.v. bolus than with the equilibrated gas. (From Ronchetti et al., 
to be published.) 


Dollery, 1965). Figure 2 compares the lung clearance 
of 127Xe, which has the same solubility as 133Xe but a 
higher y-emission (200 keV), with the less soluble 
13N. Both gases were breathed to equilibrium and 
also injected iv. and the lower zone clearance 
monitored with a camera. The deviation of 127Xe 
from }3N is clearly shown. The more soluble xenon 
is taken up by blood in the lung and distributed to 
all body tissues. In an exsanguinated animal without 
pulmonary blood flow, the wash-in and wash-out of 
133Xe and 18N during artificial ventilation are 
identical. During a continuous intravenous infusion, 
the retention of 138Xe in the aorta, as a percent of 
that in the pulmonary artery, is 15% compared with 
2-49% for 23N (Ronchetti et al., 1975a). Activity in 
the chest wall, which is counted more efficiently than 
that in the lung, or activity returning to the lung 
from “tissue washout”, delays the latter part of the 
xenon clearance curve relative to nitrogen. Never- 
theless, the first part of the 153Xe clearance is 
relatively free from artefact since the alveolar con- 


centration is much higher than that in the chest wall. 

With 13N considerable interest has focused upon 
the shape of the regional clearance itselr and the 
differences between the washout following gaseous 
equilibration with 13N gas and that following an 
intravenous injection of a 15N solution, Gravity- 
dependent differences in ventilation per unit 
volume between apex and base of the lung are well 
known. In addition, when Rosenzweig et al. (1969; 
1970) looked at 13N clearance following equilibration 
from lung regions of minimal vertical height to 
lessen the effects of gravity, the clearances for 
each region, in normal subjects in the erect posture, 
were slightly alinear, suggesting a degree of intra- 
regional inhomogeneity, independent of gravity. 
Rosenzweig et al., were unable to decide whether 
this represented series or parallel inequalities in 
local ventilation or even intrinsic differences be- 
tween lung lobes which overlapped in the counting 
field. Ewan et al. (1978), also in normal subjects and 
in the erect posture, found that the clearance of an 
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intravenous bolus of 13N, which labels units in 
proportion to their blood flow, was slightly but 
significantly faster than the clearance of 13N after 
closed-circuit equilibration when units are labelled 
in proportion to their volume. This is clearly shown 
in Fig. 2. From this observation, they inferred that 
within lung regions (A) there was non-uniform venti- 
lation (as already shown by Suda et al. (1970) and 
{B) that the better ventilated units were also better 
perfused. 

This difference of function within regions is much 
more obvious in patients with chronic bronchitis and 
emphysema (Eiser et al., 1977) where the clearance 
af the injected 13N was up to 50% faster than that 
for equilibrated 13N. This difference was reduced if 
the patients breathed 30° oxygen for 15 minutes. 
The authors concluded that oxygen breathing had 
reversed the hypoxic vasoconstriction of the pul- 
monary arterial vessels supplying the more poorly 
ventilated units within the counting region, en- 
abling them to receive a larger share of the local blood 
flow and thus of the radioisotopic marker, hence 
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Comparison of regional (mid-zone) clearance of N, given 
by ie, injection, in a normal subject (0) and in a patient 
with chronic bronchitis (@). Logarithm of counts plotted 
against time. Note the slow and multiexponential clearance in 
the patient compared with the rapid almost linear decay in a 
normal subject. Clearance after iv. injection reflects the 
ventilation of perfused units. The slow phase in the patient 
suggests the presence of units with low Ma/O and a low 
oxygen tension (see text). 


the slower clearance. The washout after 33N equili- 
bration, which labels units in proportion to their 
volume not their blood flow, was unaffected by oxygen 
breathing. This suggests that oxygen did not affect 
the distribution of ventilation. Clearance curves in 
patients with airway disease are also considerably 
less linear on a semi-log plot (Fig. 3), indicating mal- 
distribution within regions as well as that seen 
between regions with 8!Kr™ (see section 4.3), 

13N has also found a place in the study of infants 
with cardiopulmonary disorders (Ronchetti et al., 
1975b; Godfrey and McKenzie, 1977). The radio- 
nuclide, dissolved in saline, is injected into a peri- 
pheral vein, or inhaled as a bolus of gas through a 
nasal catheter with its tip in the pharynx. The child, 
suitably sedated, lies on the gamma camera and the 
washout of inhaled and injected 13N is recorded for 
two regions in each lung. The only requirement is 
that the baby lies still. Recently, McKenzie et al. 
(1977) reported that the clearance of 13N by venti- 
lation after its administration intravenously was 
delayed in children with severe pulmonary hyper- 
tension and (usually) a right to left shunt. Since the 
clearance of inhaled 13N was normal, the authors 
suggested that there was a population of perfused but 
virtually unventilated alveoli in these circumstances. 
Their results must be interpreted with caution 
since, in the presence of a right to left shunt, 13N 
getting into the chest wall or recirculating back to 
the lung could give a similar picture. 

Using a positron camera, some interesting images 
of the distribution of an inhaled bolus of 13N 
(showing the influence of airway closure) have been 
obtained (Hales et al., 1976). 


3.2 Oxygen-15 labelled HzO 

H2!5O can be used to measure extravascular lung 
water (ELW); see section 2.4. In seven supine normal 
subjects, Fazio et al. (1976) injected H150 and 
113]n™ solutions separately into the subclavian vein 
and recorded time activity curves over two lung 
regions with pairs of counters. Regional extra- 
vascular lung water per unit blood volume (section 
2.4) was 0.38 and per unit blood flow was 2.08 sec. 
There was no difference between apex and base. 
Overall ELW was estimated at 172 ml+-54 (mean 
+1 SD) which gives a blood volume from injection 
in the superior vena cava to the largest veins in the 
counting field of 450 ml. In patients with left heart 
failure, the values (averaged for both regions) were 
approximately double, 0.7 and 4.7 sec respectively, 
with more ELW in the basal (caudal) zone. The 
ratio ELW,;/blood volume probably reflects changes 
in local extravascular water content more closely 
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than ELW,/blood flow. The latter index is sensitive 
to any redistribution of local perfusion and to over- 
all cardiac output which was 33%, less in the 
patients. Nevertheless, in the patients both indices 
varied in proportion to the value of left atrial pres- 
sure and to the presence of interstitial oedema. 
Binswanger et al. (1978) repeated these measure- 
ments in similar groups of subjects, substituting 
123]-antipyrine for H2150. Their values for ELW,/ 
blood volume were almost indentical to those of the 


Hammersmith group, but the values for ELW,/. 


blood flow were 1.7 to 2.7 times greater, probably 
due to a different method of calculating mean transit 
time (area/height rather than ratio of moments used 
by the Hammersmith group). 

Studies in isolated lungs suggest that injected 
H2150 may underestimate extravascular water con- 
tent, either total (Dollery and Matthews, 1971) or 
regional (Jones et al., 1976), presumably because of 
an uneven distribution of blood flow. Local blood 
flow may be reduced in regions where there is the 
severest oedema. Thus, there is a tendency for 
HzO to be diverted through the least oedematous 
parts of any lung region. On the other hand, the 
most recent measurements from our laboratory in 
isolated lobes have shown that changes in regional 
H150 mean transit times correlate closely with 
changes in weight as the lobes become oedematous 
(Heather et al., 1978). 


3.3 Oxygen-15 and carbon-11 labelled CO2 

The factors determining the clearance rate of 
these compounds were worked out by West, 
Dollery and their colleagues in the early 1960's. A 
30-50 ml bolus of C150% gas is generally given at the 
beginning of a rapid inspiration, and its arrival in 
different regions of the lung and subsequent clear- 
ance during a ten second breath-hold is monitored 
by two or more pairs of counters placed over the 
chest. The transfer of C150 from alveolar gas into 
lung tissue and blood occurs so rapidly (the rate 
constant is about 2.2 sec~!) that it is difficult to 
measure (West and Dollery, 1962). The rapid 
transfer depends on two factors; first, the rapid 
diffusion of COs and second the 15O label. In the 
blood and tissues of the lung the oxygen label is 
mainly present in the form of bicarbonate which, 
under the influence of carbonic anhydrase, rapidly 
exchanges with the hydroxyl ion of water. Thus, 150 
enters the water pool of the lung almost instan- 
taneously following a rapid and deep inhalation and 
virtually no activity remains behind in alveolar gas. 
Carbon-11 labelled CO, diffuses as rapidly but re- 
mains as bicarbonate where it is in equilibrium with 


lung CO»; its removal from alveolar gas is ten times 
slower than C1502. 

The clearance of C150 during apnoea represents 
blood flow per unit tissue volume; therefore, in 
situations where tissue volume is abnormal, as in 
pulmonary oedema, the clearance of C15Q¢ will be 
slowed (Dollery et al., 1962; Schmidt-Nowara et al., 
1973). There are several problems in such a simple 
approach, the major one being the requirement of a 
independent measurement of regional blood flow, In 
most cases of pulmonary oedema, secondary to left 
heart failure, the cardiac output is low and this will 
slow the C150 clearance. In fact, a local “hold-up” 
of inhaled C150g can be seen in clinical pulmonary 
embolism (Nichols et al., 1978). Secondly, if the 
oedematous areas cease to ventilate and become in- 
accessible to the inhaled tracer, the C150 clearance 
may be little changed. Nevertheless, A. J. Swin- 
burne’s recent measurements from our laboratory 
show this is not to be the case. As isolated lobes 
became oedematous, the slowing of the initial slope 
of the C!5Og clearance, with a constant pulmonary 
blood flow, was proportional to the increase in 
weight (Fig. 4). 

We pointed out recently (Pande et al, 1976; 
Hughes, 1977) that the regional clearance of C150; 
in normal subjects during breath-holding has fast 
and slow components, with rate constants of about 
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Clearance of a single inhalation of C!4Q. during breath- 
holding from an isolated dog lobe in the absence of recircula- 
tion. Radioactivity in counts per sec as % of initial activity, 
plotted on a log scale against time. Measurements were 
made in the control situation and in oedema (after 57°, 
weight gain). Flow remained constant. The increase in 
clearance time was 56%, i.e, equal to that predicted from the 
increase in total lung water volume. (From A. J. Swinburne 
et al., to be published.) 
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0.6 sec”! and 0.1 sect respectively. We speculated 
that the fast component might represent direct access 
of C30» into the vascular compartment with 
equilibrium with the tissue pools taking longer. 
Similar findings and conclusions were reached by 
Sehmidt-Nowara et al. (1973) on the basis of experi- 
ments in isolated perfused lungs. Further work in 
isolated lobes in which there is no recirculation and 
in subjects who inhaled C150; into one lung via an 
intrabronchial catheter (MacArthur et al., to be 
published), has now shown that the slow component 
is an artefact caused by early reappearance of 150 
(as H50) via the bronchial or intercostal (chest 
wall) circulations. Therefore, analysis of C10ə 
clearance curves, in the intact animal, should be 
limited to the initial slope which, in isolated lobes, is 
a good monitor of the increase in lung weight in 
oedema (see previous paragraph). 
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3.4 Oxygen-15 labelled CO 

The diffusion of carbon monoxide from alveolar 
gas to pulmonary capillary blood depends on the 
tissue diffusivity of CO, the surface area and thick- 
ness of the alveolar capillary membranes, the rate of 
reaction of CO with haemoglobin and the number of 
haemoglobin combining sites, i.e. the local blood 
pool. In normal lungs, differences in uptake of C190 
between regions are related almost entirely to 
differences in the last factor, the local capillary blood 
volume. For example, following a single inhalation, 
there is a gradient of increasing uptake of C10 with 
distance down the vertical lung with an upper/ 
lower zone ratio of 0.48 (Ewan et al., 1976). This is 
consistent with the vertical gradient of blood 
volume which has been shown in isolated perfused 
dog lungs, using }1CO-labelled red cells (Jones et al., 
1975). J. Pande, in our laboratory, has shown that 
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Lower zone clearance of inhaled C10 on a long scale against time during breath-holding, in the presence 

(right) and absence (left) of a stagnant pool of blood. Measurements made on two occasions (see dates) 

in a patient with Goodpasture’s syndrome. Measurements of the removal of CO from the gas phase (lung 

uptake) using non-radioactive carbon monoxide are also shown. Note that bleeding leads to an increased 

uptake of carbon monoxide from alveolar gas but slows the clearance of CO from the lung field. 
(From Ewan et al. (1976), with permission.) 
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C40 uptake increases during exercise in normal 
subjects, the relative increase being greatest in the 
upper zones (see Table II). Similar results have been 
shown for blood flow on exercise by Harf et al. (1978) 
using 81Kr™, This phenomenon of apical recruit- 
ment of blood flow and capillary blood volume 
strikingly demonstrates the gas-exchanging reserve 
of the lung. 

An interesting clinical application of the use of 
C4Q has been the detection of stagnant pools of 
blood in Goodpasture’s syndrome (Ewan et al., 
1976), a condition characterized by nephritis and 
lung haemorrhage. As Fig. 5 shows, the lower zone 
clearance of C150 was considerably slowed at a time 
when the uptake from alveolar gas (measured by 


TABLE II 


LUNG UPTAKE OF C450 (% SECH) DURING BREATH HOLDING AT 

REST AND DURING EXERCISE (50 watt). MEAN RESULTS IN 

FOUR NORMAL SUBJECTS, SEATED ERECT. (FROM PANDE ET AL., 
TO BE PUBLISHED.) 





Exercise/Rest 


2.3 
1.5 
1.24 


Exercise 


Region 





Upper 2 55 
Mid Re 13 
Lower : 





CONSTANT INHALATION 


Y c, 


ARRIVAL 


sampling inspired and expired air) was greatly 
elevated. We believe this is caused by a stagnant 
of blood which can take up CO. Although a similar 
picture might be seen in a zone with low or absent 
blood flow, e.g. pulmonary embolism or infarction, as 
has been shown in experimental pulmonary em- 
bolism by Taplin et al. (1976), the clearance of C1804 
was not noticeably different between the two 
measurements. From the rate constants (À) the ratio 
of extravascular to intravascular blood is given by 
AC350 (a) 
ACO(b) 
bleeding and bleeding states respectively. In this 
example, the ratio is 5.9; assuming 40 ml of blood in 
the capillary vessels of the lower zones, this repre- 
sents 236 ml of extravascular blood. 


1, where (a) and (b) refer to the non- 


4. Krypton-81M 
4.1 Theory 

This 13-second half-life radionuclide was first 
used as a bolus to measure the distribution of venti- 
lation and blood flow (Jones et al., 1970) but it did 
not become a practical proposition as a clinical tool 
until a continuous inhalation technique was used 
(Fazio and Jones, 1975). The principle is set out in 
Fig. 6 (Jones et al., 1975). When an insoluble 
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=~~ +. A 





Ventilatory wash-in 


Ventilatory wash-out 


Fic. 6. 
Determinants of regional count rate with continuous inhalation of a short half-life insoluble radioactive gas, such as 84 Kr™. 
Pı and Vg represent inspired and expired ventilation, Cr and Cy, the concentration of radioactivity in inspired gas or in 
the alveolar compartment of the lung, N the number of radioactive molecules and hence the regional counts per second, 
A the rate constant of radioactive decay (3.2 min“! for ®}Kr™), and Va the local alveolar volume. Vp/F a is alveolar venti- 
lation per unit volume; the interrupted circle represents the counting field. 
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Relationship between steady-state count rate from 81Kr™, as 
a percentage of that inspired, and alveolar ventilation in a 
unit of constant volume. In the absence of radioactive decay, 
equilibrium between inspired and alveolar concentrations 
occurs with insoluble gases as shown by the interrupted line. 
For §1Kr™, curvilinearity is related to V1C1/(Ve/V A+A) as 
in Fig. 6. 


2 4 6 8 
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Fic. 8 


Radioactivity distributions, in steady state, during §1Kr™ inhalation (Ù), intravenous infusion (OQ) and after 

rebreathing the long half-life 8°Kr™ (VA), in a normal subject in the left lateral decubitus posture. The V 

image (§!Kr™) looks similar for the top and bottom lung, but this is partly due to the larger volume of the 

upper lung, as seen in the ®°Kr™ image. The true ventilatory turnover of the lower lung is more than double 
that of the upper—2.25 compared with 0.95 min~!. (From Amis et al. (1978) with permission.) 
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Time-activity curve over the trachea during inspiration when 81Kr™ is delivered at the mouth during normal 
breathing from a reservoir with overflow (A) compared with administration from a face mask (B). 


marker gas is inhaled continuously in open circuit, a 
steady state is reached when the arrival of gas 
molecules in any region of the lung is equal to the 
removal. For example, when breathing air, the 
arrival and removal of ordinary nitrogen molecules 
from our lungs is virtually identical and the con- 
centrations of nitrogen in inspired and expired air 
are almost equal. Thus, the number of nitrogen 
molecules in our lungs reflects their volume. This 
principle has long been used to measure the volume 
of lungs; in practice, an insoluble marker such as 
helium (or 18N or 133Xe for regional volumes) is 
rebreathed in closed circuit, and the dilution deter- 
mined, The intriguing property of gases with half- 
lives of less than 20 seconds is that the concentration 
in the lung will never reach that inspired unless 
expired ventilation is much faster than radioactive 
decay. As illustrated in Fig. 6, the removal process is 
the sum of ventilatory washout (V g.C1) and radio- 
active decay. For insoluble gases, any additional re- 
moval by pulmonary blood flow is negligible. 
Similarly, radioactive decay can be neglected for 


most radionuclides. But for 8!Kr™, radioactive 
decay at a rate of 3.2 min=! is more important than 
the lung washout of this isotope (1.5-2.0 min-!), Up 
to ventilatory turnovers of 2 min“, the local 81Krm 
count rate increases fairly linearly with ventilation 
in a unit with constant volume (Fig. 7). In practice, 
the count rate is volume as well as ventilation 
sensitive, and the detector records the influx of 
radioactivity—the inspired volume per unit time— 
and not the true turnover, i.e. the ventilation per unit 
volume. The influence of volume on the ventilation 
image is shown in Fig. 8 (Amis et al., 1978). 


4.2 Technique 

The administration of 8!Kr™ is simple. The 
radioactive gas is continuously eluted from the &Rb 
generator with a flow of about 1 l/min from a com- 
pressed air cylinder. The dry gas must be adequately 
humidified before it passes across the ion-exchange 
resin column containing the 8!Rb. The radioactive 
gas is added at a constant flow rate to the mouthpiece 
or face mask (transparent disposable type) from 
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which the subject is quietly breathing. 250x 103 
counts are generally accumulated over a period of 
30-90 seconds, depending on the activity of the 
generator. The window of the Anger gamma camera 
is set at 190 keV (+15-20% ); in routine studies 
of distribution of ventilation and perfusion, 99T'c™- 
microspheres are injected for the lung perfusion 
image because an infusion of 8! Kr™ for the recording 
of blood flow (see section 4.5) would require a 
second ®!Rb generator. After the ventilation scan 
and without changing position, the §!Kr™ supply is 
discontinued, the energy window is reset for 99T'c™ 
at 140 keV, and the lung perfusion image recorded. 
This procedure is repeated in the anterior, right and 
left lateral positions. The 9°T'c™ breakthrough into 
the 190 keV window is 10-15%. 

When 8!Kr™ gas is added continuously to face 
masks or mouthpieces, the concentration of radio- 
activity during inspiration varies considerably. Be- 
cause of the small reservoir of these devices, 84 Kr™ 


Hughes 


activity builds up towards the end of expiration, 
giving a sharp burst of activity at the beginning of 
the next inspiration (see Fig. 9B). As inspiratory flow 
builds up, so the level of activity in inspired gas falls. 
We have designed an input reservoir in which the 
subject, on a mouthpiece, inhales from a bag which 
is continuously flushed with §!Kr™ at 1 l/min and 
air at 12 l/min (i.e. at more than the subject’s venti- 
lation). The excess inflow to the reservoir overflows 
to waste. This device produces a constant inspired 
concentration but cuts the count rate in half (Fig 
9a). Without the use of a reservoir, the §1Kr™ venti- 
lation image is weighted towards the initial part of 
inspiration. Normal subjects show a small degree of 
sequential ventilation but the difference between the 
regional distribution of inspired gas early and late in 
inspiration is small (Grant et al., 1974). The effects 
might be much greater in patients with airflow ob- 
struction and the “bolus” method of administration 
(Fig. 98) might mask or (more probably) exaggerate 
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81K r™ ventilation and 9®T'c™ (MAA) perfusion scans in a case of pulmonary embolism. Note normal ventilation 
to areas with perfusion defects. 
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regional inequalities of ventilation. The matter needs 
to be investigated further. 


4.3 Clinical use 

For clinical diagnosis, the qualitative information 
provided by the ®!Kr™ ventilatory scan has proved 
useful. In terms of spatial resolution, depth res- 
sponse, radiation dosage and ease of administration, 
81Kr™ holds advantages over 133Xe. The distribu- 
tion of ventilation can be recorded in multiple views 
in a single subject in a few minutes. The ®!Krm 
ventilation scan is a companion to the more familiar 
99Tc™ lung perfusion scan. The images for each on 
photographic film look similar and a quick clinical 
assessment can be made. For example, there are 
many causes of perfusion defects on the 9°Tc™ scan, 
but if the 8&Kr™ ventilation scan shows a uniform 
pattern, vascular obstruction due to pulmonary em- 
bolism is extremely likely (Fig. 10). The segmental 
nature of the perfusion defect is sometimes seen best 
in lateral or oblique views. It is often difficult to 
diagnose pulmonary embolism if there is a back- 
ground of respiratory disease. In chronic bronchitis 
and emphysema defects of perfusion and ventilation 
tend to occur in the same regions of lung. If they 
develop pulmonary embolism, two types of blood 
flow defect may be seen—those with and those 
without an accompanying ventilatory abnormality. 
The presence of so-called “unmatched” defects 
(absent perfusion with ventilation maintained) 
suggests pulmonary embolism. Pulmonary infarc- 
tion can usually be distinguished from pneumonia 
because of the persistence of blood flow in the latter, 
although the 81Kr™ scan will be abnormal in both 
circumstances. Pulmonary embolic disease, in its 
acute phase, may be accompanied by ventilatory de- 
fects secondary to reflex bronchoconstriction. Never- 
theless, if the chest radiograph is normal, the 
ventilatory defect is usually transient; since embolic 
disease is multifocal, careful examination of other 
parts of the lung in other views will often show the 
classical unmatched defects of embolism (J. P. 
Lavender, personal communication). 

Apart from pulmonary embolism, ventilation 
scanning of the lung may be clinically helpful in 
the pre-operative assessment of bronchial carcinoma 
(Lipscomb and Pride, 1977). In cases of pneumonec- 
tomy, the ventilatory scan gives a useful prediction 
of post-operative function. Neither the ventilation 
(1Kr™) nor perfusion (99Tc™) scans made pre- 
operatively are accurate predictors of mediastinal 
involvement, unless the defects are unexpectedly 
large. 

The airflow obstruction in patients with chronic 


bronchitis and asthma is associated with large 
segmental defects in the 81 Kr™ ventilation scan in the 
presence of a normal chest radiograph (Fazio et al., 
1978). This is not particularly surprising since the 
radiograph detects major anatomical lesions rather 
than functional changes and airway narrowing or 
mucus plugging would not be seen on the plain film. 
Nevertheless, the topography of the ventilatory ab- 
normalities and their resolution with treatment is of 
interest (Fazio et al., 1978; Fazio and Jones, 1975). 

The ventilation scans show large differences in 
function between adjacent segments. This does not 
mean that the site of obstruction is necessarily in the 
segmental bronchus, but it does imply that resistance 
to collateral ventilation, which prevents the segment 
from collapsing, is high. 

The information contained in a single §'Kr™ in- 
halation scan is a fairly crude representation of 
regional ventilation in relative terms. In chronic 
bronchitis, for example, a patchy ventilation image 
is observed as if normal areas existed alongside ab- 
normal ones. In fact, if regional ventilation is ex- 
pressed in absolute units (in min`?) by measuring a 
13N washout, all areas are grossly abnormal, the 
difference in the 8! Kr™ lung scan being merely one 
of degree. In addition, no allowance is made for 
geometric factors (7.e. ventilation per unit volume) or 
the alinear relationship between radioactivity and 
ventilation shown in Fig. 7. There is also consider- 
able dispersion of function within even small 
regions (Suda et al., 1970; see also Fig. 3) which is 
masked by the steady state technique. Nevertheless, 
the count rate is high and the counting statistics very 
good, and the purely qualitative value of §!Krm 
ventilation scanning can be considerably enhanced 
if minute to minute changes are recorded with serial 
images. In this way the response to drugs, to an 
antigen challenge or to physiotherapy can be assessed 
in relation to the initial control image. Figure 
11 shows the effect of coughing; other studies have 
monitored the changes during the induction of 
bronchoconstriction, simulating an asthmatic attack 


(Hughes et al., 1978). 


4.4 Quantitative measurement of ventilation 

There are several ways of obtaining quantitative 
information with 8! Kr™, As mentioned above, serial 
images can be analysed. In a study of the distribu- 
tion of infused 8!Kr™ (see section 4.5) at the start 
of exercise, Harf et al. (1978) took an area on the 
display matrix for the apex of the left lung which con- 
tained 5% of the counts in that lung at rest. Keeping 
this area of interest and the total area constant, the 
percentage of radioactivity (or blood flow) to the 
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Fic. 11. 


81K r™ inhalation scans before and after coughing in an asthmatic subject. The percentage of counts to each lung 
is given. The posterior view shows that the right lung, especially the lower zone, is poorly ventilated initially. 
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Continuous i.v. infusion of 8!Kr™ in three normal subjects 
at rest, during two levels of exercise (50 and 100 watt) on a 
cycle ergometer and on recovery. Radioactivity (representing 
pulmonary blood flow) at apex of left lung, as a percent of 
activity in the whole lung, plotted against time. An area of 
interest at the apex which contained 5% of the lung counts at 
rest was chosen for analysis. Note rapid increase and de- 
crease in relative flow to top of the lung at the beginning and 
end of exercise period. (From Harf et al. (1978) with per- 
mission.) 


lung apex, could be followed during and after 
stopping exercise (Fig. 12). Changes in the distribu- 
tion of ventilation could be analysed in a similar way. 

Secondly, the inhalation or infusion of 81Kr™ can 
be stopped once a steady state has been reached and 
the washout recorded. The clearance in min“], cal- 


culated from the initial slope of radioactive decay, 
measures the whole removal process t.e. ( Vel Va +À), 
from which 3.2 min™! (A) must be subtracted. Be- 
cause of the short half-life of 81Kr™, the half time of 
the clearance must be 13 seconds or less, and counts 
have to be recorded at one second intervals. In 
regions where ventilatory turnover is low (less than 
0.7 min-! compared with 1.0-2.0 min“! normally), the 
clearance is so dominated by À that the Vg/V A con- 
tribution can no longer be identified. For statistical 
reasons, reasonably large areas must be chosen; con- 
sequently spatial resolution with this method will be 
poor. Nevertheless, 81. Kr™ washout may be used to 
give quantitative information in large regions in 
relatively normal lungs or where V/V a is high as in 
children (see section 4.6). Again, the measurements 
can be repeated at short intervals to study the effects 
of different breathing patterns, changes of posture or 
exercise. 

The best method of quantitation involves re- 
peating the inhalation manoeuvre with a second 
radioactive gas which has a different A (i.e. a longer 
half-life) with a similar y-ray energy to 8!Kr™, 
Krypton-85m (half time 4.4 hours: 150 keV) has 
been used. If a gas with a long half-life is added con- 
tinuously to the inspirate, and if the volume of the 
lung remains constant, its alveolar concentration 
relative to that inspired will approach that of the in- 
terrupted line in Fig. 7, the local count rate being 
proportional to Va.Cy where Va is the local 
volume of lung seen by the detector and Cr is the 
inspired concentration of 85Kr™, Assuming that the 
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Distribution of ventilation per unit volume in a normal sub- 

ject in right lateral decubitus posture, measured by 84Kr™ 

inhalation followed by equilibration with ®°Kr™, Distribu- 

tion obtained by straight division of 8}Kr™ counts by Kr™ 

counts is compared with the distribution calculated from a 
modification of equation 4. 


geometric factors for 190 keV (84Kr™) and 150 keV 
are similar and that A for 85Kr™ is negligible, the 
equation in Fig. 8 can be solved simultaneously for 
81K r™ and §5Kr™ (Jones et al., 1978) to give 


VEV ag=Ax/(1 —x) 


where Ve/Vag is regional ventilation per unit 
volume (min~!), A is the §!Kr™ decay constant 
(3.2 min™!) and x is the ratio of count rates (N) for 
lung regions (R) and inspired gas (I) for §!Kr™ (81) 
and 85Krm (85) ze. (NR en/N R85). [Nies /Nren]. 
Rather than measuring the inspired concentrations, 
Amis et al. (1978) have shown that the same in- 
formation can be obtained if the whole lung clear- 
ance of 85Kr™, after the equilibration phase, is 
monitored (in min!) and if the regional counts for 
each isotope are expressed as a percentage of the 
counts for the whole lung. A simpler method which 
just divides the 81Kr™ image (ventilation) by that for 
85Kr™ (volume) to obtain ventilation per unit volume, 
has two disadvantages. First, the results will be in 
arbitrary units rather than min~!; secondly, the 
alinearity shown in Fig. 7 will be neglected. Figure 
13 shows that regional differences of ventilation per 
unit volume will be underestimated if equation 4 is 
replaced by a straight division of the images (Amis 
et al., 1978). 


Administration of the longer-life radioisotope, 
85Kr™, is cumbersome, particularly if patients are in- 
volved. At the present time, we collect steady state 
images for 8!Kr™ inhalation and infusion and then 
switch the subject into a closed circuit containing a 
spirometer, non-rebreathing valve, CO; absorber 
and about 1 mCi/litre of 8Kr™, A more elegant 
approach would be to add both isotopes simul- 
taneously to the gas inspired, and separate the 
81Kr™ and 85Kr™ peaks electronically. 


4.5 Distribution of pulmonary blood flow 

To measure regional perfusion, 8!Rb generators 
are perfused with 5% dextrose and §'Kr™ eluted in 
solution for intravenous infusion through an in- 
dwelling (“butterfly”) needle in a forearm vein. The 
infusion rate varies from 2 to 20 ml min“? (average 
10 mi min~!), The theory associated with the steady 
state inhalation of 8! Kr™ (Fig. 6) applies, except that 
the arrival of the isotope is proportional to local 
blood flow (Q) not ventilation (Vy). The removal 
process is similar to that for inhaled 8! Kr™, assuming 
the lung region has no maldistribution of ventila- 
tion and perfusion within it. To the extent that there 
is a dispersion of ventilation-perfusion ratios within 
a region, the regional Vg/V a for infused §1Kr™ will 
be slower than that for inhaled krypton. 

In lungs which are uniformly ventilated, as 
judged by an 8!Kr™ ventilation scan, the distribu- 
tion of continuously infused 8!Kr™ is similar to that 
of injected radio-labelled (99Tc™) human serum 
albumin macroaggregates. Ciofetta et al. (1978a) 
have found that pulmonary vascular defects show up 
equally well on the krypton and technetium lung 
scans. The agreement is less good, as expected, when 
there are large defects in the ventilation scan, but the 
correlation between the two scans remains a useful 
one. This is not surprising because poorly ventilated 
areas are frequently poorly perfused. Of course, 
variations in the distribution of V/V, interfere with 
the ability of §'Kr™ infusion to portray the topogra- 
phy of blood flow accurately. Nevertheless, provided 
the distribution of inhaled 8!Kr™ does not alter, 
changes in regional perfusion can be followed by 
recording alternately the infusion and inhalation of 
8lKrm, 

In normal lungs, minute to minute changes in the 
distribution of pulmonary blood flow have been 
monitored, For example, Harf et al. (1978) showed in 
normal subjects that the apex doubled its share of 
total pulmonary flow (from 5 to 10%) within 20 
seconds of the onset of mild (50 watt) exercise (see 
Fig. 12). Perfusion per unit alveolar volume cannot 
be obtained with ®!Kr™ infusion alone. Amis and 
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colleagues (1978) have used the regional volume 
signal from 85Kr™ gas equilibration to calculate per- 
fusion per unit volume; the contribution of regional 
differences in (V'p/Va-+A) to the perfusion image 
can also be allowed for. 

By dividing the §!Kr™ inhalation scan by the in- 
fusion scan, the topographical distribution of venti- 
lation-perfusion (V'4/Q) ratios is obtained since the 
denominator in the equation (V/V a +A) is common 
to both measurements (assuming local homogeneity). 
Harf et al. (1978) have shown that the regional 
distribution of V4/Q measured with 8!Kr™ in 
normal subjects in the erect posture is similar to that 
found with other radionuclides (C1503 and 193Xe). 

What are the relative merits of an injection of 
8#T'cm-labelled microspheres and an infusion of 
81K r™ for recording the distribution of pulmonary 
blood flow? 98Tc™ is more convenient and because 
of its six hour half-life several images can be 
recorded in different views after a single injection. In 
addition, its distribution is independent of the 
pattern of ventilation, though this effect, for §'Kr™ 
infusion, is not as serious as we feared (Ciofetta et al., 
1978a). On the other hand, it is better to measure per- 
fusion with the same isotope and y-energy as that 
used for ventilation. The short half-life of 81Kr™m 
allows short-term changes in pulmonary blood flow 
distribution to be measured, and the radiation dose 
is much smaller than for technetium. 


4.6 Use in children 

The radiation dose associated with ®1Kr™ in- 
halation or infusion is extraordinarily low. M. Myers 
(personal communication) at Hammersmith has 
calculated a lung dose in adults of 0.6 mrad per 
105 counts, rising to 13 mrad per 105 counts in in- 
fants. A normal study would not generally exceed 
10® counts in adults and 3 x 105 in children. Thus, a 
8iKrm study can be done without any appreciable 
radiation hazard in infants and children. In children 
who may have right to left cardiac shunts, the in- 
fusion of SKr™ for regional pulmonary blood flow 
is safer than 9'T'c™-microspheres (though micro- 
sphere impaction in systemic tissues, in practice, 
does not seem to produce any untoward effects). The 
ease with which 81Kr™ can be administered and 
recorded is an advantage where children are con- 
cerned. At Hammersmith and Great Ormond Street 
hospitals children of all ages (from four weeks old) 
have been studied without difficulty (Ciofetta, 
Gordon, Silverman and Fazio, personal communica- 
tion). ®1Kr™ or 3N lung scanning (Ciofetta et al., 
1978b; Ronchetti et al., 1975b) is one of the few tests 
of pulmonary function which can be carried out in 


the age range 1-5 years because very little co- 
operation by the subject is required. 

Although poorly ventilated areas are easily seen as 
defects on the §!Kr™ image, a problem peculiar to 
children (and infants especially) is a very high 
alveolar ventilation per unit alveolar volume. This 
means that Vg/V a frequently exceeds A, so that the 
81Kr™ image begins to reflect alveolar volume and 
not ventilation (see Fig. 7). For this reason, Ciofetta 
et al. (1978b) have been recording the regional 
washout of inhaled or infused 8!Kr™ (Fig. 14) in 
order to distinguish volume from ventilation. 


5. CONCLUSIONS 

There are three main purposes for which short- 
life radioisotopes can contribute to pulmonary 
medicine: (a) to improve understanding of physio- 
logical mechanisms in the normal and diseased lung 
(see Figs. 3, 11, 12), (b) to aid the interpretation of 
simpler but more widely used tests of lung function 
(see Fig. 5), and (c) to help in diagnosis (see Fig. 10). 
Positron emitting isotopes whose use is limited to 
centres with immediate access to a cyclotron (except 
UC and 18F) are unlikely ever to be widely used for 
their diagnostic value. 

Because of the 8IRb generator, ®4Kr™ is more 
widely available and its use embraces all three pur- 
poses. Nevertheless, and this may come as a surprise 
to radiologists and specialists in nuclear medicine, the 
value of 81Kr™ as a diagnostic aid is small compared 
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Fig. 14. 


Whole lung clearance of 81Kr™ after steady-state inhalation 

in a child aged two years. Ventilation per unit volume 

(V/V) calculated from the initial slope of the disappear- 

ance curve, is 10.0 mini (normal value in adults 1.0- 
2.0 min“). 
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with its potential in areas (a)—mechanisms in disease 
—and (b)—interpretation of simple measurements. 
For example, ®1Kr™ as a diagnostic agent is really only 
of value in two areas, preoperative assessment and 
pulmonary embolism. Indeed, many would maintain 
that the combination of a technetium perfusion scan 
and (in difficult cases) angiography is sufficient to 
reach a firm diagnosis of pulmonary embolism. 
81Kr™ inhalation should be of much greater benefit 
in the assessment of, for example, (1) effects of 
physiotherapy in post-operative management, (2) the 
best route of administration of bronchodilator 
drugs, (3) changes in ventilation distribution during 
sleep or anaesthesia, and (4) interpretation of 
changes in overall pulmonary function in asthma. 

The temptation is to regard 81Kr™ only as an im- 
provement on 133Xe. It is much more than that. For 
the first time, minute to minute changes in regional 
pulmonary function can be assessed and the im- 

mediate response to therapy measured. There are 
problems of quantitation, but section 4.4 proposes 
some solutions. The krypton ventilation scan alone 
gives relative information, comparing one region 
with another; it should always be interpreted with 
knowledge of the results of overall pulmonary 
function tests and the chest radiograph. 


5.1 Future prospects 

Interest in the use of positron emitters will be 
considerably enhanced with the advent of the 
positron camera. With the technique of positron 
emission tomography, the distribution of radio- 
activity in the thorax can be reconstructed in three 
dimensions (Chesler et al., 1975). Thus, the errors 
caused by radioactivity in the chest wall and 
attenuation within the lung itself will be removed. In 
addition, quantitation will be more accurate, the 
aim being to relate, by external counting, concen- 
trations of tracer radioactivity in lung tissue to their 
concentrations in inspired air (the trachea) or in blood 
(right or left ventricle). There is also likely to be in- 
creasing interest in the regional uptake and metab- 
olism of organic compounds (amines and sugars 
labelled with 13N, HC or 18F), ammonia (!3N Hg) and 
even larger molecules such as immunoglobulins, 
lipoproteins and pharmacological substances. The 
handling of amines (?1C-octylamine and }4C-5- 
hydroxytryptamine) by the lung has been studied 
(Gallagher et al., 1977). 

The krypton ventilation scan will continue to 
assist in the diagnosis of pulmonary vascular ob- 
struction. Hopefully, it will be used much more as a 
research tool to identify patho-physiological mechan- 
isms and to aid in the interpretation of the simpler 


tests of function. Publication of the results and 
experience of users outside Hammersmith is 
awaited with interest. 
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ABSTRACT 

Regional cerebral blood volume (rCBV) was measured in 
14 patients with normal CT scans. An EMI CT 1010 
scanner was used in combination with a computer sub- 
traction technique. The mean CBV in the cortex was 5.0 
ml/100 ml of tissue and 2.2 in the white matter. Regional 
differences were not significant and no difference was 
found between the right and left hemispheres. 


Regional cerebral blood volume (rCBV) has been 
measured using computer tomography (Ladurner 
et al., 1976) combined with a computer subtraction 
technique (Zilkha et al., 1976). The present paper 
describes rCBV measurements in 14 patients with 
normal scans using the CT 1010 scanner. Its lower 
stability is more than compensated by the con- 
siderably shorter scanning time and better reso- 
lution than the first generation EMI scanner; the 
effect is an improvement in CBV methodology. 


METHODS 
Fourteen patients were studied (11 women and 
three men), the clinical details of whom are shown in 
Table I. All patients were right handed as far as 
could be assessed by questioning. Only patients who 
had no neurological deficit and a normal CT scan 


were included in the series. The majority of the 
patients were receiving treatment for grand mal 
epilepsy. Psychiatric findings were negative except 
for two patients with a neurotic depression. 

An EMI CT 1010 scanner was used with a 
scanning time of 60 seconds. Two cuts were made 43 
and 56 mm above the orbitomeatal line and repeated 
after injection of 150 ml of megluminamidotrizoate 
(Urovist R) over approximately one minute into an 
arm vein while the patient remained in an identical 
position. Blood samples were taken from the op- 
posite arm vein during both scans to determine its 
spectrophotometric absorption (Ladurner 1979). 
This enabled the level of megluminamidotrizoate in 
the blood (in mg/100 ml of plasma) to be estimated 
using a method described by Purkiss et al. (1968) 
for sodium diatrizoate. Capillary blood samples were 
taken simultaneously from a finger tip to determine 
the haematocrit and the PCO». 

rCBV was calculated as described in a previous 
paper (Zilkha et al., 1976) and will therefore only be 
summarized here. The CT data was processed by a 
Varian 73 computer equipped with 12K 16-bit 
words of core memory, a cartridge disc unit, a 


TABLE I 
PATIENT DATA, CONTRAST MEDIUM LEVELS, HAEMATOCRIT AND PcCO: 























‘eae 
Megluminamido- Haematocrit PcCOz (mm Hg) 
trizoate | 
Patient no. Age (yr) Final diagnosis (mg/100 ml) Scan 1 Scan 2 Scan 1 Scan 2 | 
i | emake : eee ee Se el 
1 16 Epilepsy 963 36 31 23 23 | 
2 45 Epilepsy | 1529 34 27 31 30 
3 23 Epilepsy 1311 40 33 35 33 
4 17 Epilepsy 4821 37 31 39 38 
5 20 Epilepsy | 931 43 38 35 33 | 
6 51 Depression 1676 40 33 44 42 | 
7 32 Epilepsy 1081 37 32 39 42 
8 54 Epilepsy 782 41 37 36 33 
9 16 : Epilepsy 1035 42 33 36 36 
10 22 Depression | 1195 48 33 39 32 
14 32 Epilepsy | 977 40 37 35 44 
12 37 Epilepsy | 1270 42 35 36 32 
13 24 Epilepsy | 1242 41 38 34 38 
14 63 Neuralgia 1534 37 30 46 39 
Mean 32 1238 40 33 36 35 
sD 307 4 3 5 6 
i 
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seven-track IBM compatible magnetic tape unit, a 
lektronix 4010 terminal and a teletype. The outlines 
of the patient’s skull obtained from the CT scans 
were displayed on the Tektronix screen and, in this 
series, good superimposition was achieved in every 
case without correction being necessary, showing 
that all 14 patients had remained completely still. 
The computer subtracted the pre-injection from the 
post-injection scan and the resultant subtracted 
picture was displayed on the screen. From this 
picture areas were selected using the cross hairs on 
the screen of the terminal and the computer then 
calculated the mean difference in Hounsfield number 
for that area. The mean value, its SD, SE and 


EMI 


matrix cells were shown on the 


number of 














RADIOL .UNI\ 


UNI\ 


RADIOL 


screen and printed out by the teletype. The CT 
pictures obtained were of a quality such that in all 
cases grey and white matter were distinguishable. It 
was therefore possible to select areas which con- 
sisted mainly of grey matter or white matter and 
this was done for both right and left hemispheres in 
the frontal, temporal and occipital regions, together 
with an overall measurement for grey and white 
matter respectively. Results from the two adjacent 
cuts were combined to give a mean. Values were 
also obtained for the basal ganglion when it could be 
well visualized. Artefacts in the CT pictures were 
few but, when present, were avoided, as were very 
dense areas due to contrast medium in large vessels 
(Fig. 1). 

Phantom studies were carried out on the CT 1010 
as previously described (Ladurner et al., 1976) to 
establish the calibration factor; that is the Hounsfield 
number resulting from a known concentration of the 
contrast medium. Also, the stability of the system 
was tested using the phantom and found to be 
adequate; variation between measurements being 
1-2° 


Ayi 
The percent regional plasma volume was cal- 
culated as described before (Ladurner et al., 1976) 
and, knowing the haematocrit, the regional cerebral 
blood volume was calculated (m1/100 ml of tissue). 


Fic. 1. 


la and 1B shows the same cut before and after injection of 150 ml megluminamidotrizoate respectively. 


Note filling of large vessels centrally. Figure 1c is the subtracted picture of 1A from 1B. 
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RESULTS 

Table I shows the level of megluminamidotrizoate 
in the blood, the haematocrits for the first and 
second scans and the corresponding capillary PCOg 
levels. The concentration of megluminamidotrizoate 
varied between 782 and 1821 mg/100 ml with a mean 
value of 1238 mg/100 ml. The average fall in 
haematocrit between the first and second scan was 
17%. Capillary PCO% was not significantly different 
for the two scans and had a mean value of 36 and 
35 mm Hg respectively. 

The average blood volume in the cortex (Table H) 
was 5.0 on the right and 5.0 ml/100 ml of tissue on 
the left. The highest regional blood volume was 
found in the temporal lobes with 6.3 in the right and 
6.2 ml/100 ml tissue in the left. Table III shows the 
mean blood volume values in the basal ganglion 
separated into the caudate nucleus and the thalamus. 


TABLE II 
rCBV IN MAINLY GREY MATTER (ml1/100 ml) 























Frontal 5.6 5.8 
(2.6) (2.2) 
Temporal 6.3 6.2 
(2.1) (2.4) 
Occipital 4.9 44 
(1.7) (1.2) 
Hemisphere 5.0 5.0 
(1.5) (1.5) 
5 TABLE IHI 


CBV IN THE BASAL GANGLION (ml/100 ml) 








Right Left 
Caudate nucleus 5.9 6.7 

(2.5) (2.3) 
Thalamus 5.5 4.4 

(3.5) (1.8) 








TABLE IV 
rCBV IN THE WHITE MATTER (ml1/100 mi) 














Right Left 

Frontal 2.3 2.4 
(0.9) (0.8) 

Temporal 2.7 2.7 
(1.1) (0.9) 

Occipital 2.1 2.1 
(0.6) (0.7) 

| Hemisphere 2.2 2.3 
(0.7) (0.6) 








The values are similar to those found in the cortex 
and again show no significant difference in the sides. 

rCBV in the white matter is shown in Table IV 
with an average of 2.2 for the right side and 2.3 ml/ 
100 ml tissue for the left. Again, there was no 
significant difference either between sides or regions, 
though the temporal regions had the highest values. 
The difference between CBV in the white matter 
and both cortex and basal ganglion was highly 
significant (P<0.001), the value in white matter 
being nearly a third of that in grey matter. 


DISCUSSION 

CBV can be expressed in two ways; the first 
being in ml/100 gm tissue, when CBV is calculated 
from cerebral blood flow (ml1/100 gm/min), as in the 
measurements by Mathew et al., (1975). Grub et al. 
(1973) have also the same units in their CBV esti- 
mations involving a radio fluorescent technique. 
The other way of expressing CBV emphasizes blood 
volume as a percentage of cerebral tissue volume 
(ml/100 ml tissue), as we have, and Zilkha eż al. 
(1976) in previous studies using CT. Reivich et al. 
(1974) also used the same in their estimations of 
CBV using Tc labelled erythrocytes. The quanti- 
tative difference between ml/100 gm and ml/100 ml 
is insignificant, but nevertheless worth bearing in 
mind, if only for purposes of clarification. 

The cortical results from the present study of 
rCBV in fourteen patients with normal CT scans 
are basically similar to those found previously 
(Zilkha et al., 1976) despite the use of different 
contrast media, a different scanner and a considerably 
larger and younger group of patients. This in itself 
is a ground for reasonable confidence in the method- 
ology, and the suitability of the CT 1010 scanner 
for rCBV estimation. 

The contrast medium used in this series was well 
tolerated even when 150 ml were injected relatively 
rapidly, the patients being able to remain very still 
since discomfort was minimal. Plasma levels of 
contrast medium were higher in this study but, 
because megluminamidotrizoate has a lower iodine 
content (306 mg/ml as opposed to 420 mg/ml in 
Conray), the change in EMI number in the brain 
due to contrast medium was only slightly raised 
(2.5 EMI numbers as opposed to 2.2 EMI numbers 
in the previous investigation). Nevertheless this 
slight increase together with the better tolerance 
would indicate that megluminamidotrizoate has a 
distinct advantage over Conray for CBV measure- 
ments. 

In the CT 1010 scanner the head positioning is 
easier without the presence of a water bag and this, 
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together with the faster scan results in less discomfort 
for the patient and therefore fewer movement arte- 
facts. Where precise subtraction is required, as in 
rCBV measurements, movement artefacts are par- 
ticularly to be avoided and this was possible in all 14 
patients. 

The higher resolution allows better visualization 
of anatomical features, in particular distinguishing 
between grey and white matter and therefore making 
the measurement of CBV possible in each separately. 
Large vessels containing contrast medium can also 
be well seen and avoided in the areas selected for 
measurement, A further advantage of the faster 
scanning period is that it makes dynamic studies 
possible, such as the investigation of the effect of 
hyperventilation on rCBV. 

We cannot be certain whether the lack of any 
significant difference between the two hemispheres 
in the present study is evidence of greater or lesser 
accuracy of measurement than in the paper of 
Zilkha et al. (1976). Previously we had shown a 
higher regional CBV on the left—a finding also 
reported by Grubb et al. (1978). 

We have demonstrated the suitability of the CT 
1010 for measuring rCBV; the method has been 
improved by two major modifications. The first is a 
considerably faster scanning speed and the second is 


the use of a different contrast medium. In the future 
both these features can be further improved, with 
scanning periods of as little as three seconds and the 
development of new contrast media. 
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Book review 


Ultrasound in Gynecology and Obstetrics, By S, N. Hassani, 
pp. xx + 182, illus., 1978 (Springer Verlag, Berlin) DM49,60/ 
$24.80, 

ISBN 3-540-90260-0. 

‘This is a moderately large and moderately expensive book 
which contains a wealth of illustrations and initially appears 
rather promising. When reading the book however, it is 
evident that the contents have been spread fairly thinly 
across the pages, and a significant proportion of the book is 
taken up by two forewords, a preface, an introduction and a 
small acknowledgment. Twelve pages elapse before one 
arrives at the first chapter. This chapter consumes a further 
38 pages discussing the principles of ultrasound, as has been 
done in almost every other book, and must surely by now be 
entirely superfluous. ‘The second chapter concerns the value 
of ultrasound in gynaecology, and occupies only 30 of the 
book’s 190 pages. A further 60 pages is devoted to obstetrics 
and thus just under half of this book concerns the topic 
presented in the title. The final chapter is the second longest 
in the book, and concerns ‘ultrasonography of gynaeco- 
logically and obstetrically related medical and surgical 
disorders’, This chapter in fact contains a discussion of the 
value of ultrasound in the liver, gall-bladder, aorta, spleen, 
thyroid, kidney, heart, etc, and much of the material 
presented has no obvious connection with either obstetrics 
or gynaecology, and is of little if any relevance in such a 
book. 

Dr, Hassani lives and works in America and I found much 
of his terminology rather unacceptable. He discusses a 
a phenomenon which he terms “three dimensional con- 


ceptualization”’ which I thought likely to be relevant in a 
book on obstetrics, but discover that this is in fact a thought 
process on behalf of the ultrasound operator. I also ndte that 
he uses the term B mode to mean bistable display, though 
this is not its generally accepted meaning, and he has also 
coined his own words such as sonolaparotomy, sono- 
anatomy, and sonofluoroscopy. The latter of these apparently 
does not necessarily mean real time ultrasound. The author 
also has some unusual ideas concerning anatomy and 
physiology. He shows us a picture of a partially filled 
urinary bladder with a non-specific echo pattern at its 
fundus which he claims to be “the unfilled portion of the 
bladder!’ He also includes a transverse scan of the fetal head 
in which there are multiple curved reverberation artefacts 
from the anterior skull wall. He tells us that occasionally the 
mid-line echo appears as a curve, but this is still a valid 
image for measurement of the BPD. It most certainly is not, 
and such statements will only mislead unskilled and in- 
experienced operators. The author should read page 23 of 
his chapter on the principles of ultrasound where he dis- 
cusses the occurrence of such reverberations. 

While many of the illustrations included in the book are 
of fairly good quality, a significant proportion are rather poor 
and a small minority are extremely bad. 

There are now many fairly good books available on the 
uses of ultrasound in obstetrics and gynaecology and this 
book compares unfavourably with most of them, and there- 


fore cannot be recommended. 
H. B. Metre. 
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ABSTRACT 

‘Twenty-five cases of torn diaphragm with herniation of 
abdominal contents and 22 cases without herniation were 
studied, Without herniation, the chest radiograph was in 
most cases normal or almost so, the remainder showing 
haemothorax or pneumothorax attributable to associated 
lung or rib injury. With herniation, however, the chest 
radiograph was infrequently normal and a substantial 
number showed basal abnormality directly due to herniated 
viscera. The appearances were still, however, non-specific 
and led to a number of preliminary misdiagnoses and there- 
fore diagnostic delays. The herniated bowel can flatten out 
beneath the lung base to resemble merely a mildly elevated 
hemidiaphragm (the ‘“‘pseudo-diaphragm effect”). 

Torn hemidiaphragm is a frequently forgotten diagnosis, 
but is of great importance because of hernial bleeding or 
strangulation. The peritoneopleural pressure gradient 
eventually produces herniation and this is usually diag- 
nosable by barium study of stomach and colon. Small 
bowel studies are probably unnecessary. The limbs of the 
herniated loop are pinched together as they pass through the 
tear, sometimes severely enough to obstruct the barium. 
Insufflated air may get through into an apparently ob- 
structed hernia. Because it is a “blind alley”, the herniated 
gastric fundus will not produce these typical appearances 
and will be missed unless one looks for the “amputated 
fundus” sign. 

Immediately following injury, normal barium studies do 
not necessarily indicate that there is no tear because there 
may not have been time for herniation to occur. The only 
available signs may therefore be the presence of a pneumo- 
peritoneum or of intra-abdominal visceral injury following a 
downward stab to the lower chest, or of pneumothorax 
following abdominal injury. Diagnostic pneumoperitoneum 
may hate a place. 

A left-sided predominance in all series is probably due to 
the liver cushioning the right hemidiaphragm from rupture 
in abdomino-pelvic crush injuries and also preventing 
bowel from herniating through established stab wounds. 


There is a need for clinicians and radiologists to be 
more aware of the torn diaphragm. At present 
diagnosis is often missed or delayed. (Carter et al., 
1951; Hill, 1972; Tan et al., 1973; Gourin and 
Garzon, 1974). This is due to the normal or non- 
specific appearance of plain radiographs even in the 
presence of herniation; attention may be diverted 
by other injuries and to its relative rarity in blunt 
and penetrating thoraco-abdominal trauma. In areas 
where stabbings, bullet-wounds and road accidents 
all contribute to thoraco-abdominal injury, the torn 
diaphragm is not at all rare and its importance lies 
in the seriousness of the complications of bowel 
herniation through the tear. There is a mortality of 
up to 30% in those patients in whom diagnostic 
delay has resulted in strangulation of herniated 
bowel (Grage et al., 1969; Gourin and Garzon, 1974). 


The most important factor in making the diagnosis 
is a high index of suspicion in all cases of blunt 
or penetrating injury to the lower chest or upper 
abdomen, or of crush injury to the abdomen or 
pelvis. 


MATERIAL 

During the three-year period 1974 to 1976, 39 
patients with ruptured diaphragm were treated at 
Groote Schuur Hospital. The departmental film 
library also contained the radiographs of eight 
further patients treated during the period 1966 to 
1973. Our study was a mainly retrospective analysis 
of clinical and radiological findings. 


CLINICAL BACKGROUND 

Eleven cases were due to motor vehicle accidents, 
30 to stab wounds of the lower chest, two to stab 
wounds of the upper abdomen, one to assault with 
a stick and two to bullet wounds. There was one case 
of unknown, possibly forgotten trauma. 

Twenty-nine patients had some abdominal pain 
and/or tenderness and four had features of in- 
testinal obstruction. Fourteen had haemo- and/or 
pneumo-thoraces. Thirty-six patients presented 
within 24 hours of their trauma and a further five 
within a week; in the remaining six it took between 
two months and 30 years for the torn diaphragm to 
come to medical notice. 

The rupture was left-sided in 40 cases and right- 
sided in seven; no patient had bilateral ruptures. 
The size of the rupture was not recorded in 27 cases. 
Of those recorded, the 16 due to stab wounds were 
all less than 50 mm wide and the four due to motor 
vehicle accidents were all greater than 80 mm wide. 
The other seven due to motor vehicle accidents were 
all described as large or massive. 

Twenty-five cases were associated with hernia- 
tion of abdominal viscera. In the case of stab wounds, 
only one organ was ever involved, but motor vehicle 
accidents always had two or more organs due to the 
greater size of the defect. None of the right-sided 
ruptures were associated with herniation. Hernial 
content varied: the colon (13) and stomach (11) 
were common; the rest included omentum (eight), 
small bowel (four), spleen (three) and liver (one). 
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A number of associated injuries were present, 
many creating the indications for laparotomy in 
the acute cases. Eighteen cases (16 due to stab 
wounds) had ruptured spleens. Eleven patients 
(9 due to stab wounds) had ruptured livers. Five 
of the 11 
fractured pelvis. Other injuries included perforated 
stomach or bowel in 11 patients, one case each of 
ruptured kidney, pancreas and adrenal, skeletal 
fractures in four and a false aneurysm of the thoracic 
aorta in another. Two patients died—one from brain 
damage and the other from intra-abdominal bleeding 


motor vehicle accident victims had a 


due to multiple liver lacerations. 


RADIOLOGICAL FINDINGS AND DISCUSSION 
Tears with herniation 

Spontaneous healing of a tear is unlikely because 
the peritoneopleural pressure-gradient favours the 
upward movement of abdominal contents into the 
chest, thus keeping the tear open and causing 
herniation (Gourin and Garzon, 1974). This herni- 
ation may be immediate or delayed by hours, days or 
years especially if the tear is small (Carter et al., 1951). 

Symptoms of herniation include: pain in the up- 
per abdomen or lower chest which may be referred 
to the shoulder (Efron and Hyde, 1967) or be 
increased by bending or eating; episodes of ob- 
struction; bleeding, which may be slow and occult or 
acute; and a variety of milder symptoms depending 
on which part of the bowel has herniated. These 
symptoms may mimic myocardial infarction, peptic 
ulcer or gall stone disease (Lernau et al., 1974). 

Any of the above symptoms in patients with 
previous blunt or open trauma to the abdomen or 
lower chest, together with a basal abnormality on the 
chest radiograph, should alert one to the possibility 
of herniation. It is especially so if radiographs at the 
time of the trauma showed any evidence of dia- 
phragmatic elevation or basal haemothorax. 

In the presence of herniation plain films are 
generally more abnormal than in cases without 
herniation. Of the 25 patients with herniation, only 
two had normal chest radiographs; 13 showed 
some degree of haemothorax or haemopneumo- 
thorax obscuring the base; while ten had abnormal 
patterns at the left base due directly to the herniated 
bowel, but so non-specific in appearance that they 
frequently gave rise to preliminary misdiagnosis 
(Figs. 1-7). In those patients whose radiographs 
showed no abnormality or only pneumothorax or 
haemothorax, operation revealed only small hernias 
and in four the hernias consisted only of omentum. 

The herniated portion of stomach or colon can 
flatten out beneath the lung base and mimic a mildly 





7 


elevated hemidiaphragm (Hill, 1972; Carter et al., 
1951). This is the pseudodiaphragm effect (Figs. 
5a, 6c). On the other hand, when a large part of the 
stomach has herniated, it can distend upward even 
further than in Figs. 2 and 3 to occupy most of the 
hemithorax and displace the mediastinum to the 
other side. It may then resemble a tension pneumo- 
thorax if the herniated bowel is air-filled, or a massive 


B 


Pic; 1; 
$ Stab wound left axilla. 
(a) Erect film shows an abnormal gas pattern at the left base. 
(B) Barium enema. Herniated transverse colon with obstruc- 
tion of proximal limb (white arrow) and narrowed distal 
limb (black arrow) is shown. 
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pleural effusion if it is fluid-filled. Other mistaken 
diagnoses in this and other series when gas-filled 
bowel has been present above the diaphragm, have 
been total or segmental eventration (Fig. 3), acute 
gastric dilatation (Fig. 3), gastric volvulus, phrenic 
nerve palsy, subphrenic abscess, loculated pneumo- 
thorax (Fig. 1A), traumatic pneumatocoele (Fig. 6A) 





Fic, 2. 


$ R.T.A. Unconscious. 
Chest X-ray—supine. There is homogenous opacification at 
the left base. Autopsy confirmed herniated stomach. 


B 


Fic. 4. 
Fic. 3. 2 R.T.A. six years previously. 
3 Motor accident. (a) Erect film with bowel gas at the left base. 
Chest X-ray shows apparent eventration of the diaphragm. (B) Lateral film of barium meal showing herniated and rotated 
Gastric herniation through a torn diaphragm was found at stomach (arrows) in the chest. Small and large bowel herni- 
operation eight days later. ations were also found at operation. 
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Fic. 5. 


$ L. chest postero-lateral stab wound ten weeks old. 
Previous chest X-ray showed a small left basal effusion. 
(a) Erect film with raised hemidiaphragm. 
(B) Barium meal. The gastric body points upwards and is 
obstructed (straight arrow). Gas in the herniated stomach is 
also seen (curved arrows). Herniated small bowel was also 
found at operation. 


and splinted diaphragm due to fractured ribs 
(Grage et al., 1959). When the bowel is fluid-filled 
or the hernia is occupied by omentum, spleen or 
liver, the solid shadow at the base can be misin- 
terpreted as pulmonary contusion, collapse, in- 
fection or infarction (Fig. 2: Mansour et al., 1975). 
Some patients wrongly diagnosed as having a 
pneumothorax or pleural effusion have had pleural 
drainage attempted, this can result in intrathoracic 
bowel perforation (Carter et al., 1951; Lernau et al., 


1959). To avoid this serious iatrogenic complication 
and to exclude or establish the diagnosis of traumatic 
herniation, barium studies should be done. 

The most typical and diagnostic appearance of a 
barium-filled loop of bowel herniated through the 
diaphragm is the approximation and narrowing of 
its afferent and efferent limbs as they pass through 
the tear (Fig. 48). There are however variations on 
this basic theme. The afferent limb may be so 
narrowed as to prevent contrast medium getting into 
the herniated loop at all (Fig. 5B) or the efferent limb 
may be narrowed enough to prevent contrast medium 
going beyond the loop (Fig. 1B; Carter et al., 1951; 
Grimes, 1974). 

A special situation exists where the hernia consists 
purely of gastric fundus; this caused some of our 
longer diagnostic delays. This is because the gastric 
fundus is in effect a “blind alley”; contrast medium 
can pass freely through the oesophagus, body of 
stomach and duodenum without ever having to enter 
the fundus and thus one does not see any of the 
typical and readily visible signs of the herniated loop. 
It is, therefore, important to see the fundus filled 
with contrast medium; if it does not fill in spite of 
tilting the patient head down or if there is only a 
short projection pointing towards it, then this 
“amputated fundus’ sign becomes specific for 
herniation (Figs. 6B, 7B). Alternatively the fundus 
may fill but with a constriction as it passes through 
the tear (Fig. 6p). If barium does not fill the fundus, 
air insufflated through a naso-gastric tube with the 
patient erect may do so (Fig. 7B). Rectal air in- 
sufflation can similarly be used when barium cannot 
be made to enter a colonic herniation. 

An abdomino-pelvic crush injury may cause a tear 
too large to produce any of these diagnostic signs on 
barium study i.e. no approximation of limbs, no 
narrowing and no fundal amputation (two patients). 

In none of our patients was herniation of the 
small bowel present without accompanying stomach 
or colon so it seems that contrast examinations of the 
stomach and colon are all that is necessary and that 
“follow-through” radiographs of small bowel are 
superfluous. 


Tears without herniation 

In the 22 patients in this category, plain radio- 
graphs were normal in eight, showed only mild 
elevation of the hemidiaphragm with a little blood in 
the costophrenic recess in eight and more obvious 
haemo- and/or pneumothorax in six. Thus even 
when there are abnormalities, these are of the type 
found in most cases of trauma to the rib cage or lung 
and would not lead one to suspect diaphragmatic 
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D 
Fic. 6. 
$ Stab wound in left lower chest posteriorly. 

(a) Small basal effusion (black arrows), pneumothorax (solid 
white arrows) and herniated gastric fundus (open arrows) 
are shown. 

(B) Gas in a fundal hernia (open arrows) and gastrografin in 
the cardia (closed arrow) are seen. The significance was not 
recognized at that time. 

(c) CXR 17 months later. 

(D) Barium meal. Stenosis at point of herniation shown 

B (arrows). 


379 


VoL. 52, No. 617 


S. Fataar and A. Schulman 


injury. Even if it were suspected, barium studies of 
stomach and colon would be normal in the absence 
of herniation. 

However the diagnosis can sometimes be made on 
very basic clinicoradiological correlations. If a 
pneumothorax is found after a stab injury to the 
abdomen alone, then this automatically means the 
diaphragm has been breached. Similarly specific is 
the opposite situation where a downward stab into 
the chest produces a pneumoperitoneum or clinical 
features suggesting trauma to liver, spleen or bowel 
(two patients). Where only clinical suspicion is 
suggestive of a torn diaphragm, diagnosis may be 
made by the appearance of intrapleural gas following 
diagnostic pneumoperitoneum (McCort, 1966). 
Many of these patients have peritoneal lavage for the 
diagnosis of intra-abdominal injury (Worth, 1976) and 
the gas could be conveniently insufflated through the 
same peritoneal dialysis catheter, but this would 
not be possible if a pneumothorax was present and 
false-negative results may result from plugging of 
the tear by viscus or omentum. 


Other points 

There is a marked left-sided preponderance in all 
series including our own and several factors can be 
considered. 

1. The liver may protect the right hemidiaphragm 
from the sudden rise in pressure caused by abdomino- 





A 
Fic. 7. 


$ Stab wound. 


(a) A gas and fluid collection is shown in the left lower chest. 

(B) Barium meal. There is obstruction (black arrow) to the 

passage of barium into the herniated fundus (white arrows). 
“amputated fundus” sign. 


pelvic blunt trauma (Tan et al., 1973; Gourin and 
Garzon, 1974; Wise et al., 1973). 

2. Even when the right hemidiaphragm is torn, the 
liver tends to be in the way so bowel herniation 
rarely occurs (not at all in our series); and as it is 
usually bowel herniation which is responsible for the 
symptoms arising from torn diaphragm, many right- 
sided tears may therefore not come to clinical at- 
tention. 

3. One might in addition speculate that most 
victims are stabbed from in front by a right-handed 
assailant thus injuring the left hemidiaphragm; but 
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in fact many of the stab wounds in our series were 
inflicted in the back so this argument does not hold. 
The fact that five of our 11 cases due to motor 
vehicle accidents had an associated pelvic fracture 
is in keeping with the experience of Grage et al. 
(1959) that when a ruptured diaphragm is present 
after such an incident, a pelvic fracture is present in 
more than half the cases. Although the reverse 
association is less common, the chest radiograph 
should be examined for features suggestive of 
herniation whenever a pelvic fracture is diagnosed 


(Fig. 3). 
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Book review 


Advances in Oto-rhino-laryngology, Vol. 24, Modern Methods 
of Radiology in ORL. Volume editors: S. Brunner, and P. E. 
Andersen, pp. 196, illus., 1978 (S. Karger, AG., 
Switzerland), DM.133. 

This volume contains selected papers from the 7th Inter- 
national Congress of radiology in oto-rhino-laryngology, 
held in Copenhagen during 1976. The Congress brought 
together a group of eminent people concerned with the 
advancement of knowledge in the field of radiology in ORL. 

The collected papers of varying length and quality present 
some clinical aspects and applications of the newer radio- 
logical techniques as witnessed two years ago. The long 
latent period from presentation to publication in an en- 
vironment of rapidly-changing technologies is unfortunate. 

There are seven communications concerned with CT, one 
with thermography of the neck, one with scintigraphy of 
bone and the remainder on various applications of con- 
ventional tomography. The presentations cannot be 
considered a comprehensive appraisal of modern imaging 
methods but there are nevertheless important features to 
commend to the reader. 

Tomographic evaluation of the vestibular aqueduct is 
considered by Wilbrand from Uppsala in the assessment of 
Meniere’s disease and by Valvassori and Clemis in the 
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consideration of cochleo-vestibular disorders. The anatom- 
ical studies of Wilbrand and the practical clinical approach 
of both papers make valuable contributions to the literature 
on this controversial subject. Phelps and Lloyd describe a 
specific inner ear deformity characterized by tapering of the 
IAM and dilatation and dysplasia of the labyrinth. ‘This 
deformity, which carries an increased risk of CSF leak, 
appears to be a distinct entity different from the Mundini 
deformity. 

The group of papers concerned with the clinical application 
of CT albeit at that time based on limited experience, 
accurately forecast the present role of the technique in 
ORL. 

The book is well produced with high-quality illustrations 
but it must be apparent to the publishers and the reader that 
conference proceedings are most useful when produced at or 
immediately after a meeting. It seems less than fair to the 
expert authorship that new ideas and presentations should 
be left stranded on a publication sandbank by the rapidly 
changing tide of technological development. Modern 
printing methods permit top-quality illustrations to be 
produced rapidly and cheaply, particularly in paperback 
form. This 196-page hardback costs more than £30. 

Ian ISHERWOOD. 
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ABSTRACT 

Severe back-ache in young adults may present a difficult 
echnical problem when the absence of neurological signs 
results in delayed diagnosis. Fourteen patients, with dis- 
cographic evidence of posterior annular fissuring are re- 
ported. The discrepancy between painful disability and 
negative radiographic examination including radiculography 
is stressed. Discography has proved to be the investigation 
of choice in these patients. This will demonstrate the mor- 
phology of the lesion and reproduce the symptomatology in 
the majority of cases. The clinical implications are discussed, 


Classification of back-ache is difficult and a precise 
diagnosis cannot be given in the majority of sufferers. 
The purpose of this study is to describe a group of 
patients under the age of 40 with the predominant 
symptoms of disabling back-ache in the presence of 
characteristic radiological findings. The absence of 
clinical signs, particularly of nerve entrapment, re- 
sulted in long delay in the recognition of subtle 
evidence of disc damage. However, increased clinical 
awareness has subsequently made possible earlier 
detection of such lesions, 


CLINICAL MATERIAL 

Four hundred patients who have undergone com- 
prehensive radiological investigation in the X-ray 
Department of the Robert Jones & Agnes Hunt 
Orthopaedic Hospital for severe disabling low back 
pain have been reviewed. From this large series, 14 
cases have been found with evidence of a fissure in 
the posterior annulus fibrosus demonstrated by dis- 
cography. The standard radiographic examination of 
the lumbar spine was normal in each instance and 
the discogram was necessitated by severe disabling 
back-ache. 


CLINICAL FINDINGS 

Of the 14 patients, there were equal numbers of 
males and females. Their ages ranged from 16 to 40, 
the average being 26.3 years. The circumstances of 
onset were recorded as follows: sport (4), industry 
(3), fall (2), direct blow to the back (2) and spon- 
taneous (3). 

The distribution of pain was recorded on homun- 


culus diagrams, All 14 patients had central low back 
pain extending into the buttocks. In seven, unilateral 
leg pain extended down the back of the thigh to the 
knee and in another four the pain reached down to 
the ankle. The duration of symptoms ranged from 
three months to seven years and the average was 
three years and nine months. The level of disability 
was graded as follows: 

Grade 1; no disability (no patients). 

Grade 2; mild disability, altered lifestyle but no loss 
of income (one patient). 

Grade 3; moderately severe disability, significant 
loss of normal, social and work activity resulting in 
considerable loss of income (eight patients). 

Grade 4; severe disability resulting in unemploy- 
ment, loss of status and change in lifestyle (five 
patients). 

Clinical examination was notable for the absence 
of specific findings. There was restriction of spinal 
movement in three patients and two had straight leg 
raising limitation in the 40/70 deg. range. It should 
be emphasized that the remainder had no detgctable 
physical signs. 


RADIOLOGICAL INVESTIGATION 

Preliminary standard radiographs of the lumbar 
spine showed no evidence of vertebral anomaly, disc 
degeneration, spondylosis or instability in any of the 
patients, Initially seven patients were subjected to 
metrizamide radiculography augmented in some in- 
stances by epidural venography. These examinations 
showed no evidence of nerve root entrapment 
although mild central disc bulging was occasionally 
present. In the later patients of the series radiculo- 
graphy was not felt to be justified and discography 
became the initial investigation of choice. Discogra- 
phy was performed using the lateral oblique ap- 
proach for L.3/4 and L.4/5 and a transdural puncture 
for the lumbo-sacral disc space. Care was taken to 
ensure adequate filling of the nucleus with contrast 
medium so that minor degrees of extravasation 
through annular fissuring could be recognized con- 
sistently. A small tear may be evident only after 
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Neutral. 





Fic. 1. 
L.4/5 discogram. 
(a) Neutral position. The contrast is contained within the nucleus. 


(B) Extension position. Following forward and backward bending manoeuvres a small 


“collar stud” extravasation of 


contrast is seen posteriorly, indicating a radial tear through the posterior annulus and the nucleus. 


dynamic bending, or delayed films are taken (Fig. 1). 
Good radiographic technique with careful collima- 
tion of the X-ray beam is essential. The abormality 
in the annulus is identified by a “‘collar stud” type of 
extravasation which extends backwards from an 
otherwise normally outlined nucleus. 

Discography revealed normal nuclei in all patients 
at the L.3/4 level. At L.4/5, 12 out of the 14 nucleo- 
grams were normal and two showed evidence of 
rupture. At the lumbo-sacral junction there was one 
normal disc and 13 annular ruptures. Injection of 
contrast into the abnormal disc complex reproduced 
part or all of the symptomatic pain pattern in 12 
patients. Figure 2 shows a comparison between the 
symptomatic pain pattern (described by the patient 
on admission, and illustrated on the clinical photo- 
graph) and the distribution of pain referral provoked 
by the discogram. These induced patterns were 
drawn by an independent observer without prior 


knowledge of the other record. In the example 
illustrated, the symptomatic pain pattern extends 
across the low back and buttocks and down the 
outside of both legs. There is an associated cruciate 
distribution of interscapular pain. The provocation 
pain pattern extended across the low back and only 
down the right leg. The correlation between sympto- 
matic and discographically induced pain is illustrated 
in Fig. 3. 

It was noted that two patients did not have pain 
reproduction by discography. On review it was 
evident that both had a different radiographic 
appearance. The contrast medium clearly extra- 
vasated into the epidural space and was not contained 
within the confines of the posterior annulus fibrosus 
(Fig. 4). Injection of local anaesthetic into the symp- 
tomatic and abnormal nucleus abolished the induced 
pain pattern in five patients. There were no compli- 
cations of discography. 
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OPERATIVE FINDINGS and the results will form the basis of a separate 
Eleven patients have undergone surgery because communication. 

of severe pain or significant disability. At operation, 
no evidence of a disc prolapse was found, but in each DISCUSSION 
case a large rent was demonstrated, penetrating The most striking clinical feature in the patients 
through all layers of the annulus fibrosus which of this small series, was the severe disabling pain and 
correlated with the discogram (Fig. 5). The clinical its profound limitations on subsequent lifestyle 
response to surgery will take some time to evaluate, in social, economic and psychological terms. ‘The 





Fic, 2. 


Pain patterns. The homunculus diagram on the left illustrates the distribution of pain induced by 
the discogram. The clinical photograph shows the symptomatic pain pattern described by the patient 
on admission. The records were made by independent observers. 


384 


May 1979 


Fissuring of the posterior annulus fibrosus in the lumbar spine 


Fic. 3. 


Correlation between symptomatic and discographic pain. 

Symptom reproduction occurred in the low back in 12 out 

of 14 patients. In the left thigh in six out of seven and in the 

left lower leg in one out of three. The distribution in the 

right leg was seven out of seven in the thigh, and two out of 
four in the lower leg. 





absence of specific neurological findings suggesting 
nerve root entrapment or compression makes it un- 
derstandable that clinicians are unlikely to feel that 
invasive studies such as radiculography or disco- 
graphy will be helpful. In this respect annular fissur- 
ing may resemble disc herniation in the adolescent, 
where it has been observed that diagnostic confusion 
is usually due to failure of the physician to recognize 
the entity as a cause of back or sciatic pain (Bradford 
and Garcia, 1971). 

Structural changes in the lumbar annulus fibrosus 
have been widely studied (Schajowicz, 1953; Hirsch 
et al., 1963; Schmorl and Junghanns, 1971; Parke 
and Schiff, 1971; Vernon-Roberts, 1976). It is well 
known that clefts and fissures in the annulus are 
notorious artefacts produced by the preparation of 


Fic. 4. 


Complete annulus rupture—lumbosacral discogram. Con- 

trast medium extravasates from the nucleus into the epidural 

space (closed arrows) through a large posterior annular 
defect (open arrow). 
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Operative correlation with discogram. (A) Surgical findings. 
The intervertebral disc lies transversely across the operating 
field. The radial cleft extends through all layers of the 
annulus fibrosus (arrow). 
(B) Pre-operative discogram. Contrast extravasates radially 
in characteristic collar-stud configuration (arrows). Thecal 
residues of a previous myelogram are still present. 


histological material. However, true tears occur with 
considerable frequency in elderly subjects, often ac- 
companied by invading fibro-vascular tissue which 
provides evidence of antecedent disruption and re- 
pair. Clefts may be present in young adults occasion- 
ally involving the annulus alone and usually arranged 
in concentric fashion. This can lead to separation of 
portions of disc tissue or even complete rupture into 
the epidural space. 


The frequency of findings on pathological exam- 
ination clearly indicates that not all lesions can be 
symptomatic and there has been much speculation 
about the source of pain (Roofe, 1940; Inman and 
Saunders, 1947; Lindahl and Rexed, 1951; Morgan 
and King, 1957; Cloward 1963; Ramani et al., 1975; 
Crock 1976, Nachemson, 1976). 

It is difficult to assess the sensitivity and specificity 
of lumbar discography because the examination is 
invasive and cannot be justified in asymptomatic 
volunteers. Review of 180 discograms performed on 
back-ache patients under the age of 40 show that 107 
had been performed at L.3/4, 148 at L.4/5 and 100 at 
the lumbo-sacral level. The findings followed the 
expected distribution for each disc space. Normal 
discs were demonstrated in 82% of injections at 
L.3/4, 52% at L.4/5 and 27% at L.5/S1. At the 
lumbo-sacral disc, degeneration was present in 58 and 
disc narrowing with annular fissuring occurred in 12. 
Only 14 out of the total had defects in the annulus 
fibrosus as an isolated finding. Therefore this lesion 
is rare in the absence of other radiological signs of 
disc damage or degeneration. It is possible that this 
defect represents an early stage of disc injury. If so, 
then the lumbo-sacral disc would appear to be par- 
ticularly vulnerable in the younger age group since 
autopsy examination of older patients shows a fairly 
uniform distribution of lesions at the lower three 
lumbar levels (Ball, 1978). Cadaveric discography 
has been performed on ten specimens from patients 
under the age of 40 who died of causes unrelated to 
back-ache. A total of 49 discs were injected, 37 were 
normal and 10 were degenerate. Two examples were 
found of posterior annular rupture from an other- 
wise intact nucleus. In addition, complete radial rup- 
ture of the posterior annulus has been found in an 18 
year old patient who died of head injuries as a result 
of a motor-cycle accident. It was assumed that the 
disc injury resulted from the same traumatic episode. 

There is strong clinical evidence that a variety of 
disc lesions associated with different syndromes may 
follow either single or repeated exposure of the spine 
to stress (Hult, 1954; Beals and Hickman, 1972). 
Eleven out of our 14 patients were able to relate the 
onset of their symptoms to a clearly remembered 
traumatic episode. It has been suggested by Farfan 
et al., (1970) that malalignment of apophyseal joints 
produces torsional stress on the intervertebral seg- 
ment which predisposes to disc damage in vulnerable 
patients. This did not appear to be a primary factor 
in the group of patients under study. Perhaps it 
might be suggested that fissuring of the annulus fib- 
rosus represents early evidence of disc injury. De- 
pending on the degree of damage, irreversible change 
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may occur in this vulnerable region which culminates 
either in frank disc protrusion or disc degeneration. 
In an experimental study of intervertebral disc 
bursting pressures, Jayson et al., (1973) found sig- 
nificant differences depending on nuclear mor- 
phology. Much lower pressures were required to 
burst postero-lateral hernia, central posterior hernia 
and degenerate nuclei, in postero-lateral and pos- 
terior directions. 

Symptom reproduction by discography is well 
documented (Key, 1945; Wiberg, 1949; Fernstrém, 
1960). Twelve out of the 14 patients had at least one 
component of pain provoked by the procedure. It is 
of interest to note that the two patients with asymp- 
tomatic discograms, demonstrated complete radial 
rupture of the annulus with epidural extravasation. 
It is possible that pain provocation with an intact 
nucleus, must somehow be the result of a trans- 
ference of increased nuclear tension to the annulus 
region which does not occur in the presence of radial 
fissuring. Intra-nuclear injection of local anaesthetic 
blocked the induced pain symptoms in five patients 
and this suggests that the annulus can be a potential 
pain trigger point (Steindler, 1947). Clinically these 
lesions did not respond to conservative treatment and 
therefore do not represent the usual type of acute 
back syndrome where 90°% of episodes respond to 
simple, symptomatic therapy (Dillane et al., 1966). 
This disparity between severe symptomatology and 
paucity of clinical signs has been reported in other 
conditions. Crock (1976) has used the term “internal 
disc disruption” to describe a pattern of symptoms 
which is sometimes associated with constitutional 
upset, suggesting an auto-immune hypersensitivity 
reaction. Morgan and King (1957) have reported a 
syndrome with pain and few clinical signs, in the 
presence of lumbar intervertebral instability which 
is usually evident at the L.4/5 level. 

In conclusion the diagnosis of fissuring of the pos- 
terior annulus fibrosus, should be considered in 
adolescents or young adults who are severely dis- 
abled with back-ache, in the absence of clinical or 
neurological findings and apparently normal stan- 
dard X-rays. The offending lesion can be identified 
by discography and confirmed at surgery in selected 
instances. Early evidence suggests that, when con- 
servative treatment fails, surgery can favourably in- 
fluence the outcome. 
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ABSTRACT 
A double blind trial is described comparing two methods 
of bowel preparation prior to barium enema. In 40 randomly 
selected patients a significant improvement was obtained by 
the use of an intestinal perfusion method. 


The degree of bowel cleanliness prior to double 
contrast barium examination is of paramount im- 
portance in the production of high quality radio- 
graphs. The diagnostic accuracy of such examinations 
depends on the absence of faecal residue which may 
lead to an erroneous diagnosis of tumour or polyp. 
The amount of time and expense expended on the 
pursuit of such bowel cleanliness, together with the 
multitude of methods and materials available only 
serves to illustrate that no one method is yet perfect. 
Recent work (Hewitt et al., 1973; Crapp et al., 
1975; Levy et al, 1976; Wood et al., 1976) has 
suggested that antegrade intestinal perfusion using 
iso-osmotic balanced electrolyte fluid is effective in 
emptying the bowel of faecal material. One of these 
groups recorded that this method of preparation left 
the bowel in a “pristine state’ for colonoscopy. 
Other studies (Skucas et al., 1976) involving the use 
of this method in fit young volunteers have also 
suggested a practical advantage over other methods. 


METHOD 

The study was conducted on outpatients of 
Westminster Hospital who were randomly selected 
by number after referral to the X-ray department for 
barium enema examination. The trial was carried 
out with the approval of the Ethics Committee of 
Westminster Hospital and the informed consent of 
the patients concerned. Those patients with a history 
of cardiac failure, impaired renal function or with 
clinical evidence of severe inflammatory disease or 
obstructing lesions of the bowel were excluded as 
were those patients who did not wish to take part. 

A total of 41 patients entered the trial and were 
randomly divided by number into a treatment and a 
control group. The patients in the control group 
were prepared by castor oil (dose 25 ml) purgation 
24 hours prior to the barium enema followed by 
colonic lavage on the morning of the examination. 
No complications of this method were recorded. 


For the patients in the treatment group a 12 gauge 
naso-gastric tube was passed and confirmation of the 
correct site was obtained by aspiration of gastric 
contents. Hartmann’s solution (Travenol) at 37°C 
was infused into the stomach at a rate of four litres 
per hour. Bowel evacuation and profuse diarrhoea 
followed after intervals ranging from 20 minutes to 
two hours. The infusions were discontinued when 
the diarrhoea fluid became clear. Time intervals for 
this to occur varied from one to two hours. The 
patients then waited for at least one further hour 
after which they were submitted to routine double 
contrast barium enema examination. The method of 
performing the examination and the films obtained 
were similar in all cases. Five films were available 
for assessment in each case; these being over table 
prone, supine, prone oblique and two decubiti. The 
radiographs were retrospectively submitted to a radi- 
ologist who was not concerned with the first part of 
the trial and was not informed of the particular 
method of preparation in each case. Each exam- 
ination was assessed for degree of bowel cleanliness 
and diagnostic quality. Each was graded accerding 
to the following classification: 

Grade 1—no visible faecal material present; 
Grade 2—minimal faecal material present. Exam- 
ination still of diagnostic quality; 
Grade 3—heavy faecal contamination present such 
as to render the examination of poor diagnostic 
quality. 

RESULTS 

Statistical examination of these results (Table I) 
shows a significant difference in the quality of 
preparation between the two groups. Analysis by the 
chi squared test yields a value of chi squared of 9.32 
(p less than 0.04 with two degrees of freedom). 


TABLE I 





‘Treatment group Control group 


Grade 1 2 3 1 2 3 








“otal patients 12 5 3 3 10 8 
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Discussion 

Most of the patients prepared by the infusion 
method did not experience undue discomfort al- 
though all showed clinical evidence of abdominal 
distension. None suffered respiratory embarrass- 
_ment and chest radiographs taken on six of the 
patients showed only elevation of the diaphragm. 
The infusion did not produce abdominal colic and 
no increased incidence of spasm of the bowel was re- 
corded. Four patients out of 20 did, however, vomit 
during the infusion and it is of interest to note that 
three of these patients were subsequently found to 
have colonic carcinomas. It appears probable that 
adjustment of infusion flow rate according to symp- 
toms would avoid this problem. In one of these four 
the vomited material was noted to be slightly blood 
stained and as this occurred before the infusion was 
completed the patient was withdrawn from the trial 
and admitted overnight for observation. No further 
symptoms or signs developed in this patient. De- 
spite random selection the three colonic tumours 
were all found in the infusion group, one being in 
the patient withdrawn from the trial and the re- 
maining two, who completed the infusion, make up 
two out of the three patients whose examination 
showed gross faecal contamination. This is in 
marked contrast to the control group where eight 
examinations were allocated to grade three and only 
one had serious pathology. The only observed un- 
desirable effect of intestinal perfusion on the quality 
of the examination was a significant degree of con- 
trast medium dilution produced by retained 
Hartmann’s solution in terminal small bowel and 
proximal colon. This occurred in only a few patients 
and in no case was it sufficient to make the exam- 
ination non-diagnostic. It is anticipated that some 


reduction in this effect might be obtained by in- 
creasing the time interval between termination of 
the infusion and commencing the barium enema 
examination. 


CONCLUSION 

In a small series of patients intestinal perfusion 
with Hartmann’s solution has been shown to be a 
safe and acceptable alternative method of prepar- 
ation prior to barium enema which is capable of 
obtaining a significant improvement in the degree of 
bowel cleanliness. While we do not advocate that 
this method be adopted routinely as it is costly in 
terms of medical and nursing time, it may well be 
indicated in cases where colonic polyps and intra- 
luminal tumours are suspected. It would also appear 
to be of value in the preparation of those patients in 
whom routine cleansing methods have proved inad- 
equate and in patients in whom abdominal angiogra- 
phy is requested shortly after barium examination. 
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Book review 


Experimental Radiological Health Physics. By D. A. Gollnick, 
pp. x-+ 257, 1978 (Pergamon Press, New York) $9.75 soft 
cover $20.00 hardback. 

ISBN 0-08-023201—9/0-08-020524—0 (paperback) 

This is a manual describing 37 practical exercises to cover 
the experimental course for the American Certifications in 
Health and Radiological Physics. Each experimental 
procedure is prefaced with a synopsis of the underlying 
theory and the book is bound with spaces for data and 
calculations. The manual covers a wide field from basic 
radiation experiments through to radiation surveys, environ- 
mental monitoring and measurement of microwaves and 
laser beams. The full range of experiments requires a 


selection of apparatus that would only be available in the 
largest radiological laboratories. 

Departments running M.Sc. courses might gain some 
ideas from the book but students would find the text 
confusing since it is written without reference to the gray, 
seivert or the recommendations of ICRU 26. There is a lack 
of detailed explanation for some of the experimental 
procedures e.g. foil activation. The book has some useful 
tables and graphs of radiological data both in the text and 
appendices but strangely no references are given to help 
students unravel the problems arising from the experi- 
ments. 

N. F. Kemper. 
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ABSTRACT 

Three patients are presented with sterile or septic subhe- 
patic fluid collections after biliary tract surgery. In each 
patient, the common clinical presentation was fever and 
ultrasound was primarily responsible for demonstrating its 
source. In one patient, percutaneous aspiration of the abscess 
under ultrasonic guidance obviated the need for any further 
treatment. We conclude that ultrasound is an effective 
method for investigating suspected fluid collections after 
biliary tract surgery. Aspiration of the lesion under ultra- 
sonic guidance is a safe means for confirmation of the diag- 
nosis and may be therapeutic as well. 


Wound infection is a rather common complication of 
biliary surgery. Two recent studies have shown a 
10.5 and 36°, incidence of wound infections, most of 
which are subcutaneous (Keighley et al., 1974). The 
most significant factors were whether the cholecy- 
stitis was acute or chronic, whether the bile was 
infected, and whether T-tube drainage was insti- 
tuted (Keighley et al., 1974; Stone et al., 1977). One 
frequent site of infection after biliary tract surgery is 
the gall-bladder fossa—also referred to as the right 
anterior subhepatic space. Although contiguous with 
other perihepatic, intraperitoneal compartments, 
pyogenic membrane formation may confine the in- 
fection to this region (Meyers, 1977). 

Because they are adjacent to the liver, which 
serves as an excellent “window” for ultrasound ex- 
amination, gall-bladder fossa abscesses are ideally 
situated for reliable ultrasonic diagnosis and thera- 
peutic drainage. This paper reports our experience 
with this complication following biliary tract surgery 
in three patients. 


Case REPORTS 

Patient 1: a 24-year-old man with a three year history of 
chronic renal failure had a renal transplant in 1973. After 
surgery, he developed an episode of acute cholecystitis and 
subsequent cholecystectomy required withdrawal of im- 
munosuppressants and led to eventual transplant rejection. 
He had been maintained on chronic haemodialysis since that 
time. Because of symptoms related to jaundice, he was ad- 
mitted to the hospital on June 1, 1976. Hepatosplenomegaly, 
scleral icterus, and a mild fever were noted. The patient’s 
liver enzymes were elevated and his total bilirubin was 4.3 
mg/100 ml, 4.0 direct. An ultrasound examination on June 7, 
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1976 revealed a mass in the hepatic portal region. An ex- 
ploratory laparotomy on June 16 revealed large, noncaseat- 
ing lymph-nodes (sarcoid) compressing the common bile 
duct. The nodes were removed and a T-tube was inserted. 
One month after discharge, the patient was readmitted 
because of a two week history of fever, weakness, and diar- 
rhoea. The patient’s temperature on admission was 101.8°F 
and a draining wound was noted at the previous T-tube skin 
site. Ultrasound examination demonstrated a 5x33 cm 





Fic. 1. 


Patient 1—(a) Longitudinal scan through the right upper 
guadrant. The arrow indicates an anechoic fluid collection 
just inferior to the liver. 

Patient 1—(b) Longitudinal scan more medial than Fig. 1a; 
the collection is quite anterior. 
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fluid collection in the gall-bladder fossa (Fig. 1). Open drain- 
age and intravenous antibiotics led to an uneventful recovery 
and discharge two weeks later. 

Patient 2: the patient was a 69-year-old woman who had 
acute pancreatitis in January of 1976. At that time, an intra- 
venous cholangiogram demonstrated cholelithiasis, but a 
complicated hospital course, including pulmonary embolism 
and pneumonia necessitated discharge and readmission in 
May, 1976, for elective cholecystectomy. The procedure was 
performed without difficulty except for the incidental find- 
ing of a large mass surrounding the transverse colon. The 
mass, an area of fatty necrosis, was excised. Pathological 
examination of the gall-bladder showed acute and chronic 
cholecystitis with cholelithiasis. The bile was sterile. 

The patient’s recovery was slow, and a low grade fever— 
attributed to shifting pulmonary atelectasis—persisted until 
the seventeenth postoperative day. An ultrasound scan 
demonstrated an 8 x43 cm fluid collection in the gall- 
bladder fossa. Closed drainage through a residual 'T-tube 
track yielded a large amount of sterile, serosanguineous fluid. 
A recurrence of fever prompted an exploratory laparotomy 
revealing a large subphrenic abscess with a fistula to the 
transverse colon in the area of the fat necrosis excision. 
Drainage and repair of the colon leak led to prolonged con- 
valescence. 

Patient 3; this was a 50-year-old woman who underwent 
cholecystectomy for acute cholecystitis. Preoperative radio- 
graphic studies revealed a normal functioning gall-bladder 
containing three stones. At surgery, the gall-bladder was 
thickened. Preoperative cholangiogram revealed a normal 
common bile duct. The patient did well and was discharged 
ten days after surgery. Three weeks later she was readmitted 
because of malaise, epigastric pain, and fever. Physical ex- 
amination revealed slight tenderness under the right costal 
margin and epigastrium. Laboratory results were normal 
except for an elevated sedimentation rate. Ultrasound ex- 
amination revealed a 2 x 2 x 3 cm anechoic, well-demarcated 
process in the gall-bladder fossa consistent with an abscess 
(Figs. 2 and 3). Under ultrasound guidance using a biopsy 
transducer, the suspected abscess was aspirated with an 18 
gauge needle, and 12 ml of thick yellow pus was removed. 
Culture revealed staphylococcus aureus, resistant to peni- 
cillin. 

The patient received no other therapy and promptly 
became,afebrile and asymptomatic. 

Follow up ultrasound examination six weeks after the 
aspiration was entirely normal (Fig. 4). The patient remains 
well six months later. 


DISCUSSION 

The efficacy of ultrasound in investigating and 
localizing suspected intrabdominal abscesses has 
been demonstrated repeatedly (Berger et al., 1977; 
Doust and Doust, 1976; Smith, 1975; Smith and 
Bartrum, 1974), and ultrasound should be considered 
the primary procedure for this task. This is especially 
true for the postoperative patient, who may be too ill 
to withstand more lengthy and invasive studies 
(McCulloch and Leopold, 1976). As a result, the 
correct diagnosis should be made soon after clinical 
symptoms raise the possibility of abscess. This is 
demonstrated in our patients by comparing the short 
hospital course of patient 1 with that of patient 2, 
who experienced fever for two weeks before her gall- 
bladder fossa abscess was discovered. The high 
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Patient 3—Longitudinal scan demonstrating the collection 
seen in Fig. 2. 





Fic. 2. 


Patient 3—Transverse scan showing an anechoic focus 
(arrow) in the subhepatic region. Needle aspiration revealed 
an abscess. 
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Fic. 4. 
Patient 3—Longitudinal follow up scan six weeks after needle 


aspiration of pus. There has been no recurrence of the 
abscess. 


VoL. 52, No. 617 


B. J. Hillman, E. H. Smith and H. H. Holm 


mortality rate for these lesions and their relative 
curability by drainage and antibiotic therapy is fur- 
ther impetus for early and accurate diagnosis. In 
addition, the diagnosis may be confirmed by percuta- 
neous aspiration of the abscess under ultrasound 
guidance using a special biopsy transducer with a 
central channel through which a needle can be in- 
troduced. This is accomplished with negligible mor- 
bidity (Holm et al., 1973; Smith and Bartrum, 1974). 
Culture of the aspirated material may lead to more 
appropriate selection of antibiotics, if such therapy 
is contemplated. In patient 3, complete evacuation of 
the collection was therapeutic, obviating the need for 
further surgery, to the relief of both patient and sur- 
geon, The procedure may be slightly modified with 
the introduction of an indwelling catheter over a 
guidewire, to be left for long-term drainage (Gron- 
vall ef al., 1977). 

It would appear that ultrasonic detection and 
guided drainage in this or any other site may be the 
logical first step in the approach to suspected local- 
ized abscesses. Appropriate antibiotics may be injec- 
ted directly into the abscess with dramatic results 
{Ariyama et al., 1978). Should this regimen fail, 
surgical drainage then may be instituted. Obviously, 
further experience is needed to confirm this impres- 
sion. 
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Book review 


Clinical Radiology of the Ear, Nose and Throat. 2nd Edition. 
By E. Samuel and G. A. S. Lloyd, pp. 262, illus., 1978 
(H. K. Lewis & Co. Ltd., London), £15. 

Unlike Europe and North America where there is great 
interest in otoradiology in particular, ENT radiology is 
something of a Cinderella in Great Britain. The resultant 
gap in the home literature has to some extent been filled by 
this updated version of Professor Samuel’s original textbook 
of 1952. Unfortunately the updating is spasmodic to say the 
least and only about 10° of the many references are from 
the present decade, To quote total numbers of recorded 
cases from series reported in the 1930’s seems pointless but 
there is much resultant confusion over pathology, For 
instance there can be few cases nowadays of periostitis 
causing ‘‘leontiasis ossium” and most middle ear ‘‘angiomas’ 
would be classified as glomus tumours. There are also errors 
in the text and illustrations several of which simply do not 
show what the captions state, particularly in the section on 
the temporal bone. In the subsection on the intracranial 
complications of sinusitis there is an isolated reference from 
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pre-antibiotic days for the incidence of frontal abscess 
associated with frontal sinusitis. This is followed by an 
account of contrast injection into the abscess cavity (pyo~ 
gram), a technique contra-indicated since the advent of 
computerized tomography. Sinus neoplasia is well docu- 
mented with good illustrations but there is more description 
of the angiographic appearances of antral carcinoma than 
either conventional tomography or CT. 

This is a pity because the book is readable, reasonably 
priced with a fair overall standard of illustrations. The 
chapters on the basic radiographic projections are good, 
particularly the first chapter on sinus views. The last section 
on the pharynx and larynx is the best part of the book and 
can be recommended. It is nevertheless hard to see a market 
for this book. It is too long and specialized to be bought by 
trainee radiologists or ENT surgeons and it is unsuitable as a 
reference book because of its many errors and inaccuracies 
and largely out of date references. 

P. D., PHELPS. 


392 


1979, British Journal of Radiology, 52, 393-397 


May 1979 


Radiosensitizing effect of misonidazole in fractionated 
gamma-ray treatment of a human malignant melanoma 


grown in athymic nude mice 
By E. K. Rofstad* and T. Brustad 


Norsk Hydro's Institute for Cancer Research, The Norwegian Radium Hospital, Montebello, Oslo 3, Norway 


(Recetved January, 1978 and in revised form December, 1978) 


ABSTRACT 
‘The effect of the hypoxic cell radiosensitizer misonidazole 
(Ro-07-0582) has been tested on a human malignant 
melanoma grown subcutaneously in the athymic mutant 
nude mouse, A ®°Co therapy unit was used for local irradi- 
ation of the animals. The tumours were exposed daily to 
3.75 Gy (375 rad) over four consecutive days, to a total dose 
of 15.0 Gy. Misonidazole in doses of 500 mg/kg bodyweight 
was administered intraperitoneally in the mice 45 minutes 
before each irradiation. The time necessary for the tumours 
to regrow to their original sizes was compared with that of 
tumours treated with four daily fractions of 3.75, 4.50 and 
5.25 Gy without sensitizer. The enhancement ratio of 

misonidazole was found to be 1.05. 


The presence of small proportions of radioresistant, 
hypoxic cells in tumours is suggested as a possible 
cause for local recurrence after conventional radio- 
therapy (Thomlinson and Gray, 1955). Recently 
several electron affinic compounds have been 
shown to be efficient hypoxic cell radiosensitizers in 
vitro (Adams et al., 1971; Chapman ef al., 1971; 
Chapman et al., 1972; Asquith et al., 1974). In vivo 
experiments have indicated that the 2-nitroimida- 
zole, misonidazole (Ro-07-0582), which belongs to 
this cfass of compounds, may be of clinical im- 
portance. The effect of this radiosensitizer has been 
tested on a number of murine solid tumours. For 
large doses of the drug given before a large single dose 
of X rays, enhancement ratios up to 2.4 and 2.2 have 
been obtained when tumour cure and tumour re- 
growth delay respectively were used as a measure of 
response (for review see Fowler et al., 1976a). The 
radiosensitizing effect of misonidazole has also been 
verified clinically. An enhancement ratio of 1.2 was 
found when subcutaneous metastases from a carci- 
noma of the uterine cervix were exposed to a single 
radiation dose of 8.0 Gy (800 rad) (Thomlinson et 
al., 1976). However, misonidazole will be of par- 
ticular clinical interest if detectable radiosensitiza- 
tion is obtained when the drug is used in fractionated 
treatment regimes. Experimental data concern- 
ing this aspect are as yet sparse, but those which 
are obtained from studies of experimental murine 
tumours indicate that the benefit of misonidazole 
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will depend on both the reoxygenation ability of the 
tumour and the fractionation regime applied 
(Fowler et al., 1976a; 1976b). 

The present investigation was performed in 
order to determine the effect of misonidazole upon 
regrowth delay of a human tumour xenograft sub- 
jected to a multiple-dose treatment. A human malig- 
nant melanoma growing subcutaneously in the 
athymic mutant nude mouse was used as test 
tumour. 


MATERIALS AND METHODS 
Mice and tumour 

Young male nu/nu/BALB/c/BOM mice were 
used in this investigation. The animals were kept in 
a special room at 27°C with automatically regulated 
12 hour light and dark periods, under conventional 
but strict conditions. 

The malignant melanoma (EE malignant mela- 
noma) was taken from a lymph node metastasis in 
the left axilla of a 62-year-old man. Light microscopy 
examinations showed that the tissue was composed 
of melanin-poor atypical nevus-cells growing in 
large balls. Cells and nuclei varied greatly in size and 
shape. Innumerable mitoses were seen. 

Immediately after surgery, one homogeneous 
piece of tissue was selected from the tumour, cut 
into cubes approximately 222 mm in size and 
inoculated subcutaneously on the dorsal surface of 
the animals. About one week later the grafts 
started to grow, and the mice developed non- 
invasive tumours, histologically indistinguishable 
from the original tumour material. The tumours 
consisted of large necrotic areas surrounded by 
viable, proliferating cells. It is likely that the cells 
situated closest to the necrotic zones were in a state 
of hypoxia and thus radioresistant. 

Two axes of the tumours were measured with 
calibrated calipers and the cross-section of the 
tumours, calculated as being elliptical, was used as 
parameter for the tumour size. At the day of the 
first irradiation the tumour cross-sections ranged 
from 50 to 100 mm2. Passage 10 of the malignant 
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melanoma was used for the investigation described 
here. 


Radiosensitizer 

Misonidazole (1-(2-nitro- 1 -imidazolyl) -3- 
methoxy-2-propanol) was obtained as a gift from 
Roche Products Ltd., Hertfordshire, England. 
The drug was dissolved in physiological saline im- 
mediately before use and administered to the animals 
by intraperitoneal i injection. 

À spectrophotometric assay was applied for 
measurement of serum and tumour concentrations 
of misonidazole (Urtasun et al., 1977). Immediately 
before the tumours were dissected free, the blood 
was collected from the mice in heparinized tubes by 
heart puncture. Ethanol was added to the blood (9 
ml ethanol/ml blood) and to the tumours (9 ml 
ethanol/g tumour) which had been minced with a 
scalpel. The samples were centrifuged at 2500 g for 
10 minutes and the optical density of the super- 
natant was measured at 318 nm. 


Dosimetry and irradiation procedure 

The irradiation procedure has already been des- 
cribed in detail (Rofstad et al., 1977). Only a short 
description is given here. The mice were irradiated 
locally without anaesthesia at a focus-skin distance 
of 80 cm by applying one tangential radiation field 
from a 5000 Ci 6°Co therapy unit (TEM, Mobaltron 
80), Acceptable dosimetric conditions were ob- 
tained by partly immersing the mouse, placed in a 
mouseholder, in a water phantom, whereby the en- 
tire tumour was positioned under water and at a 
distance from the outer surface of the phantom wall 
greater than that corresponding to the ionization 
maximum of the radiation used. The water tem- 
perature was kept at 30°C. Measurements made with 
thermoluminescent discs (TLD 100 LiF, Ribbon, 
Harshaw) placed at the ionization maximum 
varied within a few percent of the corresponding 
ionization chamber readings of 0.9 Gy/min. The 
variation of dose within each tumour was deter- 
mined to be less than 10°. 


Experimental design 

In a previous investigation with the same malig- 
nant melanoma an enhancement ratio of 1.4-1.5 
was found when misonidazole in doses of 500 mg/kg 
bedyweight was injected into the animals 45 min- 
utes before the tumours were exposed to a single 
gamma-ray dose of 12.5 Gy (Rofstad and Brustad, 
1978). 

In the present investigation the effect of misonida- 
zole was tested on a multiple dose irradiation regime 
of four equal daily doses of 3.75 Gy. A total dose of 


15.0 Gy, če. four fractions, was chosen because 
it was expected to give about the same tumour re- 
growth delay as that of a single dose of 12.5 Gy. In 
this way the multiple-dose investigation can better 
be compared with the single-dose experiment men- 
tioned above. As with the single-dose experiment, 
misonidazole was administered to the mice in doses 
of 500 mg/kg bodyweight 45 minutes before each 
fraction. 

The animals were divided into the following 
groups: 

(a) One group receiving 500 mg/kg bodyweight of 
misonidazole 45 minutes before each daily fraction 
of 3.75 Gy, over four consecutive days. 

(b) Four reference groups, one remaining un- 
irradiated, and three receiving daily fractions with- 
out sensitizer of 3.75, 4.50 and 5.25 Gy, over four 
consecutive days. 


RESULTS 

The « serum and tumour concentrations of misoni- 
dazole obtained 45 minutes after intraperitoneal in- 
jection of the drug in the mice are shown in Fig. 1. 
Figure la refers to unirradiated mice while Fig. 1b 
refers to mice exposed to three fractions of 3.75Gy in 
combination with misonidazole in doses of 500 mg/ 
kg bodyweight over the three previous days. The 
data in Fig. la thus show the concentration level of 
misonidazole when the mice were ready for the 
first fraction, while the data in Fig. 1b show the 
concentration level of misonidazole when the mice 
were ready for the fourth fraction. The concentra- 
tion in the tumour at the fourth fraction was about 
the same as that obtained at the first fraction. 
During irradiation, the concentration of misoni- 
dazole in the tumours was 200-300 ug/g compared 
with 400-550 ug/ml in the serum. 

The mean tumour cross-section of each group of 
animals as a function of the time after irradiation is 
shown in Fig. 2. The relative tumour regression 
following each treatment regime appeared to be 
independent of the initial tumour cross-section, 
which ranged from 50 to 100 mm2. Tumour cross- 
sections immediately before the first treatment were 
normalized to unity. The figure reveals that the 
radiosensitizer causes an additional post-treatment 
delay (i.e. the time from the day the treatment was 
initiated to the day the tumours had regrown to 
their original size) of 3-4 days as compared with 
that of the tumours treated with the same radiation 
doses but without misonidazole. f 

Figure 3 shows how the enhancement ratio of the 
radiosensitizer was determined. The post-treatment 
delay of the mean tumour size, determined directly 
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Fic. 1. 
Concentration level of misonidazole in serum and in a human malignant melanoma grown in the mutant nude mouse 
as a function of the amount of sensitizer injected i.p. (mg/kg bodyweight) measured 45 min after injection. 


(a) Mice previously untreated. 


. 
(b) Mice treated with three fractions of 3.75 Gy in combination with misonidazole in doses of 500 mg/kg bodyweight 
over the three previous days. This figure thus shows the concentration level of misonidazole pertaining to the time for 
the fourth and last fraction. 


Fic, 2. 
Mean relative tumour cross section as a function of the time 
after the first day of treatment of a human malignant mela- 
noma grown subcutaneously in the mutant nude mouse, The 
vertical bars indicate the standard deviation of the mean. 
The arrows symbolize the times at which the treatments 
were performed. 

~ W -7 unirradiated tumours. 

~ Q -7 tumours treated with 4 fractions of 3.75 Gy. 

~ Â ~ 8 tumours treated with 4 fractions of 500 mg/kg 

misonidazole+3.75 Gy. 

~ O —8 tumours treated with 4 fractions of 4.50 Gy. 
TIME (WEEKS) ~ A~7 tumours treated with 4 fractions of 5.25 Gy, 
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Fic. 3. 


{a) Post-treatment delay of the mean tumour size plotted versus total dose for a 
human malignant melanoma grown in the mutant nude mouse. The total dose was 
delivered in equal fractions over four consecutive days. (b) Mean post-treatment 
delay plotted versus total dose for the same experiment as in (a). The vertical bars in 
(b) indicate the standard deviation of the mean. The symbol R is used to indicate the 
point showing the effect of the sensitizer misonidazole (Ro-07-0582) in combination 
with radiation. The dotted lines show how the enhancement ratio of misonidazole 
was calculated. 


from Fig. 2, as a function of total gamma-ray dose 
appears in Fig. 3a, while in Fig. 3b the mean post- 
treatment delay of each tumour group, determined 
from the regrowth curve of each single tumour, is 
plotted versus total dose. For those tumour groups 
and single tumours where the size did not fall 
below the initial value, the post-treatment delay 
was determined by extrapolation of the regrowth 
curve, as indicated by the dotted lines in Fig. 2. 
From Figs. 3a and 3b it can be calculated that the 
effect of four fractions of 3.75Gy in combination 
with misonidazole corresponds to that of four 
fractions of 3.90-3.95 Gy without radiosensitizer, 
Le. misonidazole exhibits an enhancement ratio of 
approximately 1.05. 


Discussion 

In the present study, the hypoxic cell radiosensi- 
tizer misonidazole has been used in fractionated 
irradiation of a human malignant melanoma grown 
in the athymic mutant nude mouse. A total dose of 
15.0 Gy was delivered in daily fractions of 3.75 Gy 
over four consecutive days, and an enhancement 
ratio of approximately 1.05 was obtained when 
misonidazole in doses of 500 mg/kg bodyweight was 


administered to the animals 45 minutes before 
each fraction. 

The radiosensitizing effect of misonidazole has in 
several test systems been shown to be dependent on 
concentration (Asquith et al., 1974; Denekamp et al., 
1974). The drug doses used in this investigation 
correspond to tumour concentrations of 200-300 
ug/g during the first as well as the fourth fraction. 
This concentration level is probably a factor of 
about two higher than what recent experience would 
indicate as an acceptable clinical level in a frac- 
tionated course of radiotherapy (Dische et al., 1977). 
With a tumour concentration of misonidazole kept 
at a clinically acceptable level, an enhancement 
ratio less than 1.05 is likely to be obtained for this 
tumour. 

Four fractions, each of 3.75 Gy and given over 
consecutive days, contribute only the first third of a 
complete clinical fractionation regime to the toler- 
ance level of normal tissue. The present data, there- 
fore, indicate that the benefit of misonidazole is poor 
in the initial period of such a treatment. Unfortun- 
ately, it was not possible to study the effect of misoni- 
dazole in a complete fractionation regime because, 
under the present animal house conditions, the life 


396 


May 1979 


Radiosensitizing effect of misonidazole in fractionated gamma-ray treatment 


span of the mice was too short to allow distinction 
between different complete treatments. 

Previously, an enhancement ratio of 1.4-1.5 was 
found when the same malignant melanoma was 
exposed to a single dose of 12.5 Gy (Rofstad and 
Brustad, 1978). Even though the reference treat- 
ments in these two experiments, a single dose of 
12.5 Gy without radiosensitizer and four daily 
doses of 3.75 Gy without radiosensitizer, produced 
approximately identical post-treatment delays, the 
effect of the sensitizer was greatly diminished when 
the irradiation was fractionated. 

A reduced effect of misonidazole for fractionated 
irradiation relative to that for single dose irradiation, 
here demonstrated for the first time for a human 
tumour xenograft, has previously been shown for 
mouse tumours (Fowler et al., 1976b). As can be 
seen from Fig. 1, this reduction is probably not a 
consequence of poorer penetration of the drug in 
previously irradiated tumours than in unirradiated 
tumours. 

Clinical data from studies of a majority of tumour 
types demonstrate that when patients are treated to 
the same level of normal tissue damage, conventional 
fractionated irradiation regimes are more effective in 
eradicating tumours than single doses. This is be- 
lieved to be due at least in part to the process of re- 
oxygenation taking place in the malignant tissue 
between the fractions. If this assumption is correct, 
fractionated irradiation should result in reduced en- 
hancement ratios of misonidazole. Our data are in 
agreement with this assumption, and they indicate 
that the malignant melanoma studied here was 
reoxygenated quite efficiently during the three days 
which elapsed from the first to the fourth treatment 
with 3.75 Gy. The present investigation therefore 
suggests that in the first part of a fractionated 
course of radiotherapy the dose per fraction should 
be increased beyond 3.75 Gy if any benefit of miso- 
nidazole is to be expected. 

If the process of reoxygenation is not completed 
between each fraction, the enhancement ratio of 
misonidazole should increase with increasing radi- 
ation dose per fraction. This can not of course be 
proved by the present data, but work in progress, 
where different daily fractions are used, supports 
this assumption as well as the general concept of 
reoxygenation. 


ACKNOWLEDGMENTS 
We are grateful to the head of the department of surgery, 


The Norwegian Radium Hospital, Dr. I. O. Brennhovd, for 
supplying us with the human melanoma tissue. We are 
also grateful to C. E. Smithen, Roche Chemical Co. Ltd., 
Hertfordshire, England, for the generous gift of the radio- 
sensitizer misonidazole. We acknowledge financial support 
from The Norwegian Cancer Society, The Norwegian 
Research Council for Science and the Humanities and the 
Nansen Scientific Fund. 


REFERENCES 

Apams, G. E., Asquitn, J. C., Dewey, D. L., Foster, J. L., 
MıcHaeL, B. D. and Wilson, R. L., 1971. Electron 
affinic sensitization. II, Paranitroacetophenone: a radio- 
sensitizer for anoxic bacterial and mammalian celis. 
International Journal of Radiation Biology, 19, 575—585. 

AsQuITH, J. C., Warrs, M. E., PATEL, K., Smrruen, C. E, 
and Apams, G. E., 1974. Electron affinic sensitization. V., 
Radiosensitization of hypoxic bacteria and mammalian 
cells in vitro by some nitroimidazoles and nitropyrazoles. 
Radiation Research, 60, 108—118. 

Cuapman, J. D., REUVERS, A. P., Borsa, J., Perkau, A. and 
McCa ta, D. R., 1972. Nitrofurans as radiosensitizers of 
hypoxic mammalian cells. Cancer Research, 32, 2612~ 
2624. 

Cuapman, J. D., Wess, R. G. and Borsa, J., 1971. Radio- 
sensitization of mammalian cells by p-nitroacetophenone. 
I, Characterization in asynchronous and synchronous 
populations. International Journal of Radiation Biology, 
19, 561-573. 

DENEKAMP, J., Micuae., B. D. and Harris, S. R., 1974. 
Hypoxic cell radiosensitizers: comparative tests of some 
electron affinic compounds using epidermal cell survival 
in vivo. Radiation Research, 60, 119-132. 

Discue, S., SAUNDERS, M. I., Ler, M. E., Apams, G. E. and 
FLockuart, I. R., 1977. Clinical testing of the radio- 
sensitizer Ro-07-0582: experience with multiple doses. 
British Journal of Cancer, 35, 567—579. 

Fow er, J. F., Apams, G. E. and Denekamp, J., 1976a. 
Radiosensitizers of hypoxic cells in solid tumours. 
Cancer Treatment Reviews, 3, 227-256. 

Fow er, J. F., SHELDON, P. W., DENEKAMP, J. and FIELD, 
S. B., 1976b. Optimum fractionation of the C3H mouse 
mammary carcinoma using X rays, the hypoxic-cell 
radiosensitizer Ro-07-0582, or fast neutrons. Inter- 
national Journal of Radiation Oncology, Biology, Physics, 1, 
579-592. 

Rorstap, E. K. and Brusrap, T., 1978. The radio- 
sensitizing effect of metronidazole and misonidazole 
(Ro-07-0582) on a human malignant melanoma grown in 
the athymic mutant nude mouse. British Journal of 
Radiology, 51, 381-386. 

Rorstap, E. K., Brusrap, T., JOHANNESSEN, J. V. and 
Mossice, J., 1977, Effect of cobalt-60 gamma rays and 
DTIC (5-(3,3 dimethyl-1-triazeno)-imidazole-4-carbox- 
amide) on human malignant melanomas grown in athymic 
nude mice. British Journal of Radiology, 50, 314-320. 

THOMLINSON, R. H., Discus, S., Gray, A. J. and Errinc- 
TON, L. M., 1976. Clinical testing of the radiosensitizer 
Ro-07-0582. III. Response of tumours. Clinical Radi- 
ology, 27, 167-174. 

THOMLINSON, R. H. and Gray, L. H., 1955. The histological 
structure of some human lung cancers and the possible 
implications for radiotherapy. British Journal of Cancer, 9, 
539-549, 

Urrasun, R. C., Bann, P., Cuapman, J. D., Rapin, H. R., 
Wilson, A. F. and Fryer, C. G., 1977. Clinical phase I 
study of the hypoxic cell radiosensitizer Ro-07-0582, a 
2-nitroimidazole derivative. Radiology, 122, 801-804. 


397 


1979, British Journal of Radiology, 52, 398-404 


An intercomparison between two methods of obtaining 
percentage depth doses for irregular shaped fields and 
comparison of each method with experimental data for °Co 


and 10 MV X rays 


By D. Wrede, Ph.D., D. Tai, Ph.D., F. Edwards, M.S., C. Coffey, Ph.D., and Kathryn Schroader, M.S. 
Department of Medical Physics, King Faisal Specialist Hospital and Research Centre, P.O. Box 3354, Riyadh, 


Saudi Arabia 


{Received May, 1978 and in revised form October, 1978) 


Measurements of central ray tissue-air ratio (TAR) for 
ŝCo for a large number of irregularly shaped fields 
typically encountered in the cancer clinic were compared 
with TAR values either calculated by the Clarkson method 
using scatter air ratios or obtained from tables of square 
field data using the area/perimeter approach. Irregular field 
shapes included the “L”, pentagonal, rectangular, upper 
and lower mantle and split fields. Agreement between both 
ealculational methods and direct measurement is within 
2% if careful attention is given to central ray position as 
affected by the proper use of off-centre ratios in air. In the 
case of 10 MV X rays, eight randomly chosen irregular 
fields again yielded an average agreement between both 
methods of calculation and experimental data of less than 
1%, and an agreement of less than 0.5% between the A/P 
and Clarkson calculations, 


Irregularly shaped fields are commonly used in 
radiation therapy in order to provide differential 
dose between healthy and tumorous tissue. Simple 
geometrical shapes commonly encountered include 
“L” shaped fields, split fields, pentagonal shaped 
fields and mantle fields. Other shapes such as yoke 
fields, lateral skull (“helmet” shaped) fields as well as 
other possibilities also commonly occur. Frequently, 
these fields are used in parallel opposed directions 
although single field protocols may be used in some 
instances. In any case, it is necessary to calculate a 
treatment time in the case of ®°Co or monitor 
units (MU) in the case of 10 MV X rays. A choice 
of parameters such as percentage depth dose, tissue- 
air ratio (TAR), tissue-maximum ratio (TMR), 
ete., may be used in the calculations. In this study, 
the parameter considered is percentage depth dose 
calculated from experimental TAR data in the case 
of 8°Co teletherapy and TMR experimental data in 
the case of 10 MV X ray linear accelerator tele- 
therapy. Two basic methods of calculation for ir- 
regularly shaped fields are compared in this study 
and are restricted to the central ray. 


METHODS OF CALCULATING PERCENTAGE DEPTH 
Dose 
In this study, only two procedures were used for 
determining percentage depth dose, the area/per- 


imeter (A/P) method, and that using scatter function 
theory. The latter method goes by a variety of names 
such as “the Clarkson method”, “the Cunningham 
method,” “decrement method”, etc. In this report, 
we will refer to it as the Clarkson method since it is 
simpler and because Clarkson (1941) historically 
first developed the method in order to change 
tissue—air ratios obtained from circular beams to 
values for rectangular beams, f.e., by the use of 
scatter function theory. 


Clarkson method 

By means of scatter function theory (Gupta and 
Cunningham, 1966; Cunningham, 1972; Johns and 
Cunningham, 1969; Kahn, 1972a; 1972b) one 
determines the scatter component and the primary 
component separately. The sum of the two provides 
the TAR or TMR: thus 


TMR=TMRs+TMRo . œ. (1) 


TAR=SAR+TARo ; . (2) 
where 

TMR is tissue—maximum ratio; 

TMR; is the scatter component of TMR; 

TMRo is the primary component of TMR; 

TAR is tissue—air ratio; 

SAR (scatter-air ratio) is the scatter component of 

TAR; and 

TARo is the primary component of TAR. 

On the basis of experimental values of TMRo and 
TMR,, central ray TMR can be calculated from 
equation (1) and used to calculate percentage depth 
dose values using equation (3) 


_(SSD+dmax)? 
%DD ==: TMR [d, (A/P)a] x ar) 


S(A/Pa, Ca)/S(A/Pt, C)x100  . (3) 


where S is the scatter correction for both phantom 
and collimator, (A/P)q and (A/P) are representative 
of the phantom scatter component due to field size 
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at depth, d, and dmax (~t) respectively and Ca and 
Ci refer to the collimator scatter component at 
depth d and dmax respectively. We accomplished 
these calculations by adapting a version of one of 
Cunningham’s programs to an HP 9830A calculator. 
Percentage depth dose in the case of ®°Co is ob- 
tainable by calculation from TAR using 





(see) 7 100 (4) 


SSD+d) “BSF 


TAR was obtained using the same basic program as 
that used to obtain TMR except that the scatter 
correction ratio was replaced by 1/BSF, where 
BSF is the backscatter factor. 


Area over perimeter (AJP) method 

This approach is essentially the same as the 
equivalent square approach where the side of the 
equivalent square is given by L==4(A/P)o where 
(A/P)o refers to the area divided by perimeter at the 
surface of the patient, a convenient parameter when 
looking up a tabulated percentage depth dose value. 
When looking up a TAR or TMR, (A/P)q or area 
over perimeter at depth is the independent variable 
and is related to (A/P)o by (A/P)a=(A/P)o x 

SSD--d. 

55D 

In practice (Wrede, 1972a and b) graphs of 
(A/P)a (abscissa) versus square field values of TAR, 
TMR or % DD (ordinate) are plotted for a family of 
depths, From a knowledge of the area of an ir- 
regular shape (found by using a planimeter or by 
calculating from geometry or by weighing a piece of 
paper and its perimeter (use of a string, etc.) one can 
determine the area/perimeter and look up the TAR, 
TMR or %DD from square-field plots of well 
established data. 


EXPERIMENTAL Data 

TAR measurements for °Co 

Experimental TAR values were determined for 23 
rectangular fields, 22 “L” shaped fields, 26 pen- 
tagonal fields (Fig. 1), one upper and one lower 
mantle field as well as a 16x 16 cm symmetrically 
split field and a number of 16x16 asymetrically 
split fields. A Picker V-9 ®°Co teletherapy unit was 
utilized. Measurements were made in a 40 x 40 x 40 
cm water phantom using a Shonka-type ionization 
chamber driven horizontally and vertically by re- 
motely controlled synchronized selsyn motors. The 
internal volume of the chamber was approximately 
0.05 cm. “In air” readings were made using a 


RECTANGULAR 





PENTAGONAL 





"L" SHAPED 


Fic. 1. 
Irregular fields for which direct TAR measurements were 
determined for ®°Co. In all cases (A/P)o is the area/per- 
imeter of the field on the water-phantom surface at an 
SSD=80 cm. Only the pentagonal and “L” shaped field 
data are presented in this study for purposes of comparing 
experimental percentage depth dose values with values from 

tables. 
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build-up cap to provide charged-particle equilib- 
sium, Depth was varied from 2 cm to 10 cm in 2 cm 
increments and collimator settings varied from an 
extreme of 2 36 cm at an SSD of 80 cm to a square 
of 36 36 cm. Readings were obtained on a Keithly 
model 610B electrometer capable of measurements 
as small as 10-44 A. Seale linearity was determined 
to be well within +-0.5%. 


83 


78 


he 8 


|< 30 —_——_+| 








TMR measurements for 10 MV X rays using square 
fields 

Central ray tissue-maximum ratios were measured 
directly in an Artonix stand-alone three dimensional 
water phantom system at depths varying from () to 
30 cm in 1 cm increments. A Capintec ionization 
chamber and readout electrometer were utilized. 
Collimator field sizes were varied from 22 to 





Fie, 2. 


Eight randomly chosen irregular fields for which %DD was directly measured 
for a Varian Clinac-18, 10 MV X ray beam. All fields are for an SSD==100 cm. 
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30x30 cm as defined at 100 cm. All fields were 
square and unblocked. These values were stored on 
cassette tape in the HP 9830A calculator program 
and formed the basis for the calculation of per- 
centage depth dose according to formula (3). 


Percentage depth dose measurements 10 MV X rays 
and irregular fields 

Percentage depth dose measurements were made 
directly for the eight randomly chosen irregular 
fields illustrated in Fig. 2 using the 10 MV X-ray 
beam from a Varian Clinac 18 linear accelerator. 
Again, a Capintec ionization chamber and readout 
electrometer were utilized with an Artronix stand- 
alone three dimensional water phantom system. 
Measurements were made on the central ray at 
depths varying from 1 to 20 cm in increments of 
1 em. 





RESULTS 

Since percentage depth dose for ®°Co is directly 
related to TAR by equation (4) and since TAR 
values were directly measured, intercomparisons for 
6Co TAR’s between results from the two cal- 
culational methods and the experimental data are 
shown in Tables I, H and HI. In all cases 
values given by the A/P method and Clarkson’s 
method are compared to the directly measured 
experimental TAR’s and percentage differences are 
shown. The mean percentage differences in Table ] 
for the “L” shaped fields are only 0.87 and 0.41 
respectively for the A/P and Clarkson methods. ‘The 
average percentage difference between the methods 
is only 0.46%. In the case of pentagonal shaped 
fields (data not shown), both methods give TAR’s 
that are 1.94% (A/P) and 1.64%, (Clarkson) higher 
averaged over all the data for the two respective 









































TABLE I 
COMPARISON OF CALCULATED AND MEASURED ‘TAR’s For “L?” SHAPED FIELDS-—®°Co 
Calculated 
-7 -| Percentage diff., Percentage diff. 
(A/P)o Depth, cm Measured* A/P method Clarkson A/P Clarkson 
1.0 2 0.944 0.957 0.959 1.4 1.6 
4 0.867 0.875 0.877 0.9 1.2 
6 0.792 0.792 0.793 2.1 2.2 
8 0.695 0.707 0.709 1.7 2.0 
10 0.635 0,630 0.632 0.8 0.5 
2.0 2 0.984 0,994 0.993 1.0 0.9 
4 0.916 0.926 0.926 1.1 1.1 
6 0.845 0.854 0.852 1.1 0.8 
. 8 0.770 0.775 0.774 0.6 0.5 
10 0.700 0.698 0.700 0.3 0.0 
“Go | 2 | 1009 | aos 1.013 0.6 0.4 
4 0.951 0.956 0.953 0.5 0.2 
6 0.882 0.890 0.885 0.9 0.3 
8 0.814 0.818 0.813 0.5 0.1 
10 0.741 0.744 0.740 0.4 0.1 
4.0 2 1.020 1.031 1.020 1.1 0.0 
4 0.972 0.973 0.972 0.1 0.0 
6 0.912 0.907 0.911 0.6 0.1 
8 0.851 0.840 0.851 1.3 0.0 
10 0.780 0.765 0.780 2.0 0.0 
50 2 1.029 1.041 1.029 1.2 0.0 | 
4 0.985 0.992 0.981 0.7 0.4 | 
6 0.927 0.932 0.927 0.5 0.0 
8 0.863 0.868 0.863 0.6 0.0 i 
10 0.794 0,805 0.794 1.4 0.0 | 
i 6.0 2 E 1.044 1.050 1.044 0.6 0.0 
4 1.009 1.002 1.009 0.7 0.0 
6 0.942 0.948 0.942 0.6 0.0 
8 0.883 0.888 0.883 0.6 0.0 
10 0.820 0.820 0.820 0.2 0.0 
Average 0.87 0.41 
L] 

















*Five measurements for each field size 
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TABLE H 
TAR VALUES OF AN INVERTED Y FIELD For "Co 











pe 
Percentage difference Percentage difference 
A/P method Clarkson method 
x 100 x 100 
A/P method Clarkson method measured measured 
1.003 1.007 1.6 2.0 
0.941 0.946 2.3 2.8 
0.868 0.876 1.8 2.7 
0.792 0.802 11 2.4 
0.719 0.726 0.7 1.7 
0.649 0.660 0 1.7 
0.584 0.599 —0.3 2.2 
0.530 0,540 0.4 2.2 
0.480 0.484 1.5 2.3 
0.432 0.433 2.4 2.6 
Average 1.15% 2.26% 























TABLE HI 


Comparison or TAR’s For A 16 x 


16 CM UTERINE SPLIT FIELD AT A FIXED DEPTH OF 10 CM FOR ®°Co 



































Calculated 
Percentage Percentage 
WL Field Clarkson difference, difference, 
Region Wr width Measured | A/P method method A/P Clarkson 

1 L 4.25 0.689 0.697 0.671 1.1 -2.7 
Symmetrical R 4.60 0.695 0.703 0.676 1.1 -2.8 
2 L 4.65 0.697 0.704 0.677 ea a 3.0 

R 4.20 0.687 0.696 0.671 1.3 2.4 

3 L 5.10 0.707 0.710 0.683 0.4 -3,5 

R 3.75 0.671 0.684 0.663 1.9 -1.2 

4 L 5.60 0.720 0.719 0.688 0.1 -4,7 

R 3.25 0.661 0.674 0.651 2.0 ~ 1.5 

3 L 6.15 0.724 0.725 0.697 0.1 --3.9 

R 2.70 0.661 0.658 0.637 0.5 —3.8 

6 L 6.55 0.732 0.730 0.730 -—0.3 — 44 

R 2.30 0.623 0.645 0.629 3.5 1.0 

7 L 6.95 0.739 0.734 0.707 —0.7 -4.5 

R 1.90 0.602 0.636 0.616 5.6 2.3 

8 L 7.30 0.740 0.738 0.709 |} = 03 J = 4,4 

R | 14.55 0.574 0.621 0,605 8.2 5.4 





The field i is completely split longitudinally with a lead block which casts a shadow 5 cm wide at an SSD of 80 cm. Regions 
{ to 8 refer to different positions of the lead block as it is moved from an approximately central position, producing left 
and right fields of nearly equal size, to the right, producing fields that are asymmetrical relative to the central ray and of 
unequal size. Wy, is the field width on the left of the block and Wr is the field width on the right, the figures given being 


proportional to the actual dimensions. 


methods with a range of variation from 0 to 3.0%. 
These percentages are somewhat higher than the 
“L” shaped case relative to the experimental data 
but when the two methods of calculation are com- 
pared, there is, again, only a small percentage dif- 
ference of 0.30. Tables [I and HI show results for an 
arbitrarily chosen lower mantle or inverted Y field 
and a split 16x16 cm field labelled as “uterine”, 
since our institution commonly uses a field of this 
size with blocking as part of our protocol for treating 
uterine carcinoma. These last two fields are men- 


tioned together because they both share one thing in 
common in our institution, namely an off-centre 
ratio (OCR), which is dependent on the position of 
the central ray, and which must be used in the 
calculation of treatment time or monitor units. In 
addition, the TAR calculated by the Clarkson 
method is also dependent on the position of the 
central ray since the scatter component depends on 
this position. The importance of OCR and central 
ray position will be discussed later. 

The average percentage difference between the 
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TABLE IV 
AVERAGE PERCENTAGE DIFFERENCES BETWEEN CALCULATED AND MEASURED PERCENTAGE DEPTH DOSE VALUES FOR 10 MV X rays 
































Bas = 
Percentage differences | 
Field* Depth variation Collimator setting A/Pot A/P Clarkson | 
1 1-20 cm 20 x 20 4,30 0.24 0.59 | 
2 1-20 cm 20 x20 3.61 0.32 0,63 
3 1-20 cm 15x15 2.20 0.50 0.67 
4 1-20 cm 15x15 1.74 0.72 0.73 
5 1~20 cm 10x10 1.13 0.47 0.41 | 
6 1-20 cm 15x25 2.91 0.06 0.32 ! 
7 1-20 cm 25x30 3.67 0.38 0.56 i 
8 1-20 cm 8x 20 1.47 0.35 0.26 | 
— ee EINER | eee cena] yop Ooh Stee cee | 
Average 0.38 0.52 i 
i i i zd 
*See Figure 2, 
+Area/perimeter at surface. 
results of the two methods of calculation is 1.1% for CONCLUSIONS 


the lower mantle inverted Y field of Table II. 
Although data are presented in Table IIT for eight 
different positions of the shielding block, only the 
symmetrical case (region 1) is used in normal clini- 
cal practice for treatment of the pelvic wall. In this 
case, the A/P approach gives a TAR value which is 
1.1% higher than the measured value whereas the 
values given by the Clarkson method are 2.7%, and 
2.8%, lower for the left and right sides of the field 
respectively. These differences are well within 1% 
when the position of the “effective” central ray 
(centre of the right and left fields) is taken into 
account (Wrede and Givens, 1977). It should be 
noted that in the case of the split field data, a TAR 
(Clarkson) is given by the sum of TARo and SAR, 
where TAR, is the “zero field” or primary com- 
ponent and SAR or scatter air ratio is the scatter 
component. Since the depth is fixed at 10 cm in this 
case TAR =0.534. 

In the case of the 10 MV data, the non-irregular 
TMR data were used to form the data base for the 
HP 9830A program in order to generate percentage 
depth dose values for the irregular fields. The actual 
experimental percentage depth dose values are not 
shown here but the average percentage differences 
for the A/P and Clarkson methods relative to the 
measured values are shown in Table IV. The values 
given are averages based upon a depth range of 
1-20 cm. Clearly the overall average values of 
0.38% and 0.52% and the difference of 0.14% are 
well within experimental error indicating both ex- 
cellent agreement between the two methods of 
calculation and their agreement with experimental 
data. 


In our clinic the real central ray is moved to 
approximately the centre of the area and an off- 
centre ratio in air (OCR) correction is applied to 
determine the machine calibrated output at this 
“effective” central ray position. As an example, 
consider Table III containing the split field data 
results. For the symmetrical split field case as indi- 
cated by region 1, the OCR (machine dependent) is 
found to be 0.95 for our cobalt 60 unit. Thus, when 
calculating tumour dose rate (TDR), we have 


_805_ 
SSD-d 


where OPgo.5==output in rad/min, at 80.5 cm from 
the source for the particular collimator setting used. 
If one combines OCR and TAR together in the 
above case, TAR =0.95 x 0.697 ==0.662, which when 
compared to the central ray positional dependent 
TAR of 0.671 calculated by the Clarkson method 
gives a difference of 1.36% between the two meth- 
ods. This is a much closer agreement than the ap- 
parent 3.8% difference indicated by Table IIT. Also, 
in the case of mantle fields such as the inverted Y in 
Table I, the TAR values obtained using the Clark- 
son method are markedly altered by changing the 
position of the central ray. 

In the example shown in Table II there is a dif- 
ference of 1.1%, between the methods but in other 
cases in the past (using New York Memorial Hos- 
pital IRREG Program) we have had no difference in 
several cases of both lower and upper mantle fields 
and never had differences greater than +1%. An 
upward movement of the central ray by 5 cm in the 
lower mantle field caused the TAR to decrease by 


2 
) x TAR 


TDR =0Pgo.5 x OCR X ( 
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94. Our experience with such fields in conjunction 
with the results indicated in Tables I-III have 
assured us that either the A/P or Clarkson approach 
lead to calculated treatment times for 80Co that are 
in agreement to within +19% and in agreement with 
measured values to within -1-2°%, if care is taken to 
use OCR’s and/or to define carefully the position of 
the central ray for the irregular field. In the case of 
the irregular field data at 10 MV, our experiments 
indicate again that either the A/P or Clarkson ap- 
proach leads to TMR or °4DD results that are 
in agreement with each other to better than 0.5%, 
In conclusion, we believe that either the Clarkson 
or A/P approach can be used to obtain accurately 
the dosimetric parameter of interest (TMR, TAR, 
" DD) for irregular fields on the central ray for 
Co and 10 MV X rays and that the preferred 
choice is dependent on the availability of equip- 
ment such as planimeters, digitizers, calculators, 
computer equipment, etc. In the case of off-axis 
calculations in irregular fields, off centre ratios 
in tissue can be used but the Clarkson method is 
preferable since the approach using OCR in tissue 
has not been fully demonstrated in the literature to 
give equivalent results with irregular fields. The 
results in this study are compatible with those of 
Kahn et al. (1972b) who state “it is reasonable to 
assume the radius of an equivalent circle is equal to 
one-half the side of the equivalent square” with high 
energy X rays as well as with those of Tsung (1977), 


and show that the A/P method and Clarkson method 
agree even more closely at higher energies. This is 
probably due in part to the fact that the variation 
of percentage depth dose with field size is decreased 
at higher energies as compared with ®°Co, 
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Book reviews 


The Mediastinum, Radiologic correlations with anatomy and 
pathology. By Robert E. Heitzman, pp. xi +341, illus., 1977, 
(C. V. Mosby Co., St. Louis), $37.50, 

Many radiologists will already be familiar with Dr. 
Heitzman’s earlier companion volume on the lung. They 
will not be surprised at the quality of this book. The 
emphasis is on a thorough understanding of anatomy. 
Cadaver body sections are correlated with radiographs and 
CT scans. The upshot is a clear demonstration of medias- 
tinal radiographic anatomy and how this may be affected by 
various diseases. Many radiologists will recognize some of 
the lines and shadows described here. They will now know 
what they represent. I have certainly had some of the scales 
removed from my own eyes and would suggest that other 
people with an interest in chest disease subject themselves to 
the same pleasure. The book is easy to read and if you still 
do not believe everything there are enough references to 
keep you going well into the night. All departmental 
libraries would benefit from a copy of this book. 

C. D, R. FLOWER. 


Atlas der Nierenangiographie. By P. Meiisel and D. E. 
Apitzsch, pp. 201-336 illus., 1978 (Springer Verlag, 
Berlin-Heidelberg-New York), DM148. 

ISBN 3--540-08486-X. 

This is an excellent atlas of renal angiography. The text is 
short, and therefore necessarily didactic, even take-it-or- 
leave-it. A basic aquaintance with angiographic technique is 
taken for granted. The illustrations (black on white, Ze. 
reversed) are the book’s chief glory. They are stunningly 
well done. When will a British publisher rival this quality? 

Most renal disorders of angiographic interest are il- 
lustrated. Inevitably there are a few worries. Chronic 
pyelonephritis the most frequent kidney disease (p. 63)? 
The mention of mythical “Bertini” on p. 1 does not augur 
well for getting things right about the course of the inter- 
lobar/arcuate arteries in relation to the renal lobe and the 
septa of Bertin (see Hodson’s work). These are small 
niggles about a fine atlas for German-speaking departments. 

Tuomas SHERWOOD, 
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Effervescent granules for the barium meal 
By G. J. de Lacey, M.A., M.B., B.Chir., F.R.C.R.,* B. K. Wignall, M.B., M.R.C.P., F.R.C.R., and 


C. Bray, B.Sc. (Pharm), M.Sc., M.P.S. 


Diagnostic Radiology and Pharmacy Departments, St. George's Hospital, London 


(Received July, 1978) 


The double contrast barium meal has recently be- 
come the routine examination in many departments 
(Kreel et al., 1973; Scott-Harden, 1976). However, 
the examination does present some technical diffi- 
culties, and one of these is the production of gas 
(James et al., 1976; Lintott et al., 1978). Effervescent 
agents are most commonly used, and Baritopt 
tablets and Carbex{ granules are two preparations 
marketed in the U.K. specifically for this purpose. 
Other effervescent products such as Redoxon, 
Calcium-Sandoz or Andrews Liver Salts are used by 
some radiologists. 

The main requirements of a gas-producing agent 
are: release of an adequate volume of gas (200-400 
ml), non-interference with barium coating, absence 
of bubbles, rapid disintegration leaving no residue, 
ease of swallowing and low cost. None of the above 
products completely fulfills all these requirements. 
Redoxon and Calcium-Sandoz generate a high level 
of foam which can adverseley affect coating. The 
Carbex preparation is a rapid and efficient method of 
producing carbon dioxide but it is relatively ex- 
pensive, and dilution of low density barium suspen- 
sions’by the citric acid solution may occur. With the 
very dense media (170% w/v) this is not a 
problem, but with preparations such as Baritop 100 
(100° w/v), poor coating may result. Baritop tablets 
are also relatively expensive, and we have occasion- 
ally experienced two particular difficulties with this 
preparation. Firstly, undissolved tablets were seen on 
films and could be misinterpreted as ulcers or polyps 
(Fig. 1); and secondly, inadequate gas production 
occurred even when the number of tablets used was 
above the recommended dose of 20-30. This study 
was carried out to determine the cause of these 
difficulties and also to produce our own effervescent 
granules in the hospital pharmacy. 


DissoLutTion Rates oF Barrrop TABLETS 
To discover whether batch to batch variation in 
dissolution rates occurred, a single tablet from each 





*Present address: Department of Diagnostic Radiology, 
Northwick Park Hospital, Harrow, Middlesex. 

+Concept Pharmaceuticals Ltd., London. 

Į Ferring Pharmaceuticals Ltd., London. 


of three batches was disolved in 50 ml of distilled 
water maintained between 37° and 39°C, and the 
time taken for dissolution noted. Five determin- 
ations were made for each batch and the correspond- 
ing mean dissolution times (MDT) were obtained. 
The experiment was repeated using lots of five 
tablets and an MDT per five tablets was obtained 
for each batch. Large variations in MDT values for 
both single tablets and lots of five tablets were 
observed between the different batches (Table I). 
In addition it can be seen that the MDT for the 
single tablet was always less than the MDT for the 
coresponding lot of five tablets in a given batch. 
During dissolution a scum of antifoam formed on the 
surface of the water, and the production or Cog 
forced the tablets to the surface of the liquid where 
they remained and were inadequately wetted. This 
effect was thought to be the cause of the increase in 
MDT’s for lots of five tablets as compared with 
those for single tablets. A subsequent experiment 
was therefore devised to determine if this were so. 
A single batch (2116) was used in this determin- 
ation. Five tablets were dissolved in 50 ml of 
distilled water maintained between 37° and 39°C, 
and time taken for dissolution noted. A second lot 
of five tablets was then introduced into the same 
50 ml of water and the time for dissolution again 
recorded. This was repeated until a total of 30 
tablets had been dissolved. The dissolution times 
for each lot are given in Table II. These results 
show that the dissolution time per five tablets in- 
creases as more tablets are dissolved, and this effect 


TABLE I 


MEAN DISSOLUTION TIMES (MDT) FOR DIFFERENT BATCHES OF 
BARITOP TABLETS IN 50 ml WATER aT 37°C 














Batch No. 2116* 8070 | 0300 | 
Sines eet enter | 

MDT per five | 
tablets 37-18 s 31-58 5 7230s j 
sia PEREIRA REA AIAT | 

MDT for single l 
tablets 36-58 s 26-60 s 7156s | 

f 





*This batch used for subsequent experiments. 
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Undissolved Baritop tablet in the stomach. 


TABLE II 


DISSOLUTION TIMES FOR INCREASING NUMBERS OF BARITOP 
TABLETS IN 50 ml WATER AT 37°C, (ALL TABLETS FROM BATCH 


























2116) 
g Determin- | Determin- 
ation I ation II 
Pis tablets in 50 ml of water 38-8 s 44:8 s 
ist aditition of Ave tablets 450s j 48-4 s 
2nd sddition oira tablets 50:2 s 50-2 s 
3rd pddition of five tablets 57-3 s 58-0 5 
4th addition of five tablets g 628 s 61-0s 
| Sth adden of five tablets f 70:0 s 72:0s 











is attributed to the scum formation. This scum 
consisted of dimethicone (3 mg per tablet) and it is 
considered that this hindered the wetting and 
dissolution of the tablets. 

In order to assess the effect of different com- 
mercial barium preparations and a silicone antifoam- 
ing agent on tablet dissolution the following two 
experiments were then performed. First, using the 
beaker method previously described, a lot of five 
tablets was mixed into a slurry with the appropriate 
medium and poured into 50 ml of distilled water 
maintained between 37° and 39°C. The dissolution 
time was noted. Table III gives the results of three 
determinations per medium which shows that all the 
media investigated increased dissolution times. Two 


of the media, E-Z HD III (170% w/v) and EZ 


TABLE III 


DISSOLUTION TIMES FOR FIVE BARITOP TABLETS MIXED WITH 
VARIOUS MEDIA IN 50 ML WATER AT 37°C. (ALL TABLETS FROM 
BATCH 2116) 






































Determination 

Medium I II II 
Water control 38-8 s 44-85 — 
Mylocon 57:8 s 565s 57-58 
Baritop 100 

(100% w/v) 50-0 s 52-5 8 49-5s 
EZ HD IIH 

(170% w/v) 45:8 s 46:55 47-85 
EZ PAQUE 

(170% w/v) 50-5 s 49-8 s 47-0s 

TABLE IV 


DISSOLUTION TIMES FOR 15 BARITOP TABLETS IN 50 ML OF 
VARIOUS MEDIA AT 37°C, (ALL TABLETS FROM BATCH 2116) 





























z 7 
[ime for dissolution 

Medium I I 
Water control i 475s 54-0 s 

| Baritop 100 (100% w/v) 12m1s | 13m48s 
EZ HD III (170% w/v) 30m 30m 
EZ-PAQUE (170% w/v) 30m 30m | 
Mylocon = 7m48s — 

. 











PAQUE (170% w/v) sank to the bottom of the 
beaker and released the tablets which were then free 
to dissolve. Second, using a similar technique, the 
dissolution times for lots of 15 tablets in 50 ml of 
pure medium maintained between 37° and 39°C 
were determined. Determinations were performed 
twice for each medium and the results are shown in 
Table IV. All undiluted media severely restricted 
dissolution ; with the high density media E-Z HD III 
and EZ PAQUE dissolution was effectively halted 
since the tablets merely floated to the top of the 
medium and did not dissolve. Two main points 
emerge from consideration of these results. Dis- 
solution of tablets is hindered by the presence of 
silicone antifoam, such as mylocon and dimethicone, 
and dissolution is further hindered with high density 
barium suspensions such as EZ PAQUE and E-Z 
HD III. Thus undissolved Baritop tablets are most 
likely to occur in clinical practice when using a 
large number of tablets, from a batch with a long 
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dissolution time, a high density medium to 
wash them down, in a patient with very little resting 
juice. In these circumstances not only may undis- 
solved tablets be seen on the films, but the volume 
of gas produced in the stomach will appear dispro- 
portionate to the number of tablets ingested. 


FORMULATION OF EFFERVESCENT GRANULES IN 
THE HosPiraL PHARMACY 

O’Reilly and Bryan (1974) developed a method of 
gas production which worked adequately with 
Barosperse barium. The method utilized separate 
suspensions of citric acid and sodium bicarbonate in 
large volumes of the barium suspension. The main 
disadvantages with this system are that the pre- 
paration of these suspensions is time consuming, 
they are stable for only one week, and must be stored 
inarefrigerator. Hunt and Anderson (1976) described 
a sodium bicarbonate/citric acid powder, which is 
easily prepared but difficult to swallow because of 
insufficient granulation. 

The pharmacy at this hospital undertook the 
production of a cheap and efficient gas producing 
agent compatible with a wide range of barium 
preparations. It was thought that the best present- 
ation would be effervescent granules large enough to 
be swallowed when dry. The granules were pre- 
pared by intimately mixing citric acid and sodium 
bicarbonate powders in a mortar and heating in a 
flat dish on a boiling water bath. A little water of 
crystallization is liberated from the citric acid 
rendering the mixture moist and coherent. The mass 
is thea forced through a number 10 mesh sieve to 
produce large granules of a uniform size which are 
then dried at a temperature not exceeding 55°C, 

The granules were found to provide a satisfactory 
volume of gas, (200 ml gas/20 g dose). Icing sugar 
was incorporated for sweetening, but the quantity 
required to improve the taste hardened the pre- 
granulation mass leading to unsatisfactory sieving. 
Saccharin was tried as an alternative, and no harden- 
ing was experienced but an unpleasant after-taste 
was noted. A satisfactory compromise was achieved 
by using a mixture of saccharin and icing sugar. The 
granules were not bitter but had an acidic taste, and 
in order to improve this, three different flavouring 
agents were tried. These were peppermint oil, 
which masks the acidic taste and lemon oil and 
orange spirit both of which complement it. The 
lemon flavoured granules were the most palatable. 
On using these granules for barium examinations, it 
became apparent that because of bubble formation 
within the barium, an antifoaming agent was re- 
quired. Administration of Mylocon gave satisfactory 


results, but for patients’ convenience and ease of 
administration it was decided to incorporate an 
antifoaming agent in the granules. Silicone fluid 
MS 550 in absolute alcohol was added to the dry 
powders prior to granulation. On heating the 
mixture the alcohol evaporated leaving the silicone 
fluid evenly dispersed. The final formula for the 
granules is as follows: 


Sodium bicarbonate 475 g 
Citric acid 200 g 
Tartaric acid 230 g 
Icing sugar 90 g 
Saccharin sodium 125 mg 
Silicone MS 550 20 ml 
Lemon oil 6:25 ml 
Absolute alcohol 50 ml 


COMMENTS IN REGARD TO THE USE OF Gas 
PRODUCING AGENTS 

When Baritop tablets are used, the following 
points should be considered. If using a less viscous 
barium e.g. Baritop (100% w/v), the tablets may be 
washed down with the medium, providing that an 
excessive number of tablets are not taken. With the 
more viscous barium suspensions (EZ PAQUE at 
170°, w/v), the tablets should be swallowed with 
a small quantity of water, and time allowed for 
complete dissolution before drinking the barium. 
When Carbex is used, the granules are easily 
swallowed using the citric acid solution, releasing 
gas rapidly and in a reliable volume. There appear 
to be no adverse effects on mucosal coating when 
used with high density barium suspensions. The 
simple method of gas production using Barosperse 
suspensions (O’Reilly and Bryan, 1974) does not 
appear to have been tried with other bariums. 
Crushed proprietary tablets/powders are not re- 
commended, even though these will produce large 
volumes of gas and are easily swallowed, there is 
excessive foaming and bubble formation which are 
disadvantageous. Field* Gas Producing Liquids, or 
X-Evesst Effervescent Powder are Australian pre- 
parations which should be available in the UK in the 
near future. Though these products are usually used 
in conjunction with either the Field* or Forrestt+ 
barium they are equally effective with other barium 
suspensions presently available. 

Finally, when using the St. George’s Hospital 
effervescent granules, our protocol is as follows: the 
waiting patient is given the granules (20 g which is 
one heaped tablespoonful) in a small beaker and 
chews or swallows them while waiting outside the 





*Field Group Chemicals Pty. Ltd., Sydney, N.S.W. 
+ Forrest Pharmaceutical Co. Pty, Ltd., Sydney, N.S.W. 
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fluoroscopy room. If there is difficulty in swallowing 
the granules then 10 ml of water is given to wash 
them down. The patient enters the room and after 
an intravenous injection of 20 mg of Buscopan he is 
lain supine and screened to see if enough gas is 
present in the stomach. If there is enough gas (four 
out of five patients) then the patient swallows the 
barium and the examination proceeds in the se- 
quence described by de Lacey (1976). If there is too 
little gas present on screening (the patient may have 
released part of it) then Carbex granules and solution 
are given because of their rapid and reliable gas 
release, 

it is not suggested that our granules necessarily 
represent the optimal method of gas production. 
Indeed it is probable that the best methods are those 
in which the manufacturers have prepared an effer- 
vescent formula tailored to their own barium 
suspension. The two Australian manufacturers, 
Forrest} and Field* have prepared such systems, 
both of which are simple, easy to use, and take into 
account the intimate relationship between the 
barium and the other components of the double 
contrast examination. Nevertheless for those radi- 
ologists for whom such a combination is not yet 





available, our formulation provides an alternative 
which compares favourably with the commercial 
granules and tablets presently marketed in the UK. 
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The value of cimetidine in routine barium meals ° 
M. D. Cohen, M.R.C.P., B.Sc. (Hons)., F.R.C.R., M.D., 


Department of Radiology, General Infirmary at Leeds 


(Received Fuly 1978) 


The double contrast barium meal is one of the 
commonest investigations of the stomach and duo- 
denum. Its success depends on good coating of the 
gastric mucosa with barium. The features which 
affect mucosal coating are not completely under- 
stood. Gastric secretions might be expected to 
decrease mucosal coating by diluting barium and 
also by forming a physical barrier between the 
bariam and the stomach wall. Cimetidine is a potent 
inhibitor of gastric acid secretion (Editorial: British 
Medical Journal 1976; Lancet 1974). After a single 
dose its effect is rapid and powerful (Henn et al., 
1975). Its effect on mucus secretion is less well known. 
Could a reduction in gastric secretion by cimetidine 
improve the diagnostic quality of barium meals? 


METHODS 

One hundred and ten consecutive patients referred 
for barium meal examination to the Leeds General 
Infirmary X-ray Department were studied. Twelve 
patients were excluded who had pernicious anaemia, 
previous gastric surgery, were already on cimetidine, 
or who vomited after taking tablets. Patients 
were randomly allocated into two groups, receiving 
either tablets of ascorbic acid or cimetidine 
(200 mgms tablet). They took two tablets (400 mgm) 
approximately 15 hours and a further two tablets 
(400 mgm) approximately three hours before their 
examination. The study was double blind. 

All the examinations were performed by the same 
person. A conventional double contrast barium meal 


408 


May 1979 


Technical notes 


TABLE I 


BARIUM COATING OF MUCOSA AND VISIBILITY OF AREAE 
GASTRICAE IN 98 PATIENTS. "THE SCORES ARE MEAN VALUES 
FROM THREE OBSERVERS 














Barium coating | Visibility 
of mucosa of areae 
No. | (Mean +-S.E.) gastricae 

Patients 40 | 45.15 41.7 28.05 419.6 
receiving 
ascorbic acid 
Patients 48 | 56.04-+-17.6 32.83 -+23.2 
receiving 
cimetidine 














was used. Easipaque barium was used in all cases. 
Each patient received Carbex to produce gas in the 
stomach. Buscopan (20 mgm intravenous) was given 
to every patient at the start of the examination. 

Coating of mucosa and areae gastricae was evalu- 
ated by three observers by the method of Lintott 
et al., (1978), giving each parameter a score out of 
100 on the linear analogue scale. The results are 
shown in Table I. 


Discussion 
There has been only one previous study of the 
value of cimetidine in routine barium meals (James 
et al., 1977). They used similar doses of cimetidine 
to the present study and also a double contrast 
barium meal. They included only 49 patients in 
their 8tudy. Although their results suggested that 


cimetidine was not of value, their numbers were too 
small to permit statistical analysis. 

The present study showed that although the 
patients receiving cimetidine scored better for 
mucosal coating and visibility of areae gastricae than 
the control group, the differences are not statisti- 
cally significant (P> 0.05). It is thus concluded that 
cimetidine in the doses used, has no value in the 
routine barium meal. It may be that mucus, rather 
than hydrochloric acid, is a major factor reducing 
barium coating of the stomach. Mucus has been 
shown to reduce mucosal coating in the pigs 
stomach (Mackintosh and Kreel, 1977). While cime- 
tidine is a potent inhibitor of acid secretion, its effect 
on mucus secretion may be much less. 
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Book review 


Motilitdt der oberen Harnwege. Radiologische Diagnostik und 
Literaturtibersicht. By Hermann Schmidt, pp. 1204-71 illus., 
1978 (Springer Verlag, Berlin/Heidelberg/New York) 
DM68, 
ISBN 3-540-08612-9 

This slim volume is a careful account of many years’ 
experience in screening the upper urinary tracts during 
IVUs. The author has clearly dug deep into the voluminous 
literature on his subject, and indeed such a review is a part 
of the purpose of his book. Then there are his own observa- 
tions, with particular attention to the various disturbances 
of motility he considers important, e.g. reverse ureteric 
peristalsis. It is a piece of work in the grand tradition of 
descriptive medicine: only observe and read the book of 
nature patiently, and in time all will be revealed to you. In 


keeping with this stance the volume is written mainly in the 
passive voice. The preface by Prof. Diethelm says that this 
is important work which deserves the utmost attention of 
radiologists, urologists, nephrologists, paediatricians and 
gynaecologists. That may well be so, though many radiol- 
ogists in this country will not need convincing that screening 
the upper urinary tracts during an IVU can quickly resolve 
various problems, e.g. nailing a doubtful ureteric stone. The 
now established practice of antegrade (percutaneous) pyelo- 
graphy with fluroscopy/pressure measurements is perhaps 
especially good at illuminating the more difficult problems in 
Prof. Schmidt's field. Interested readers will wish to sample 
this book, but it is rather expensive even for inflated British 
pockets. 

THOMAS SHERWOOD. 
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Pulmonary oedema following intravenous urography in a neonate 


By W.H. McAlister, M.D., Marilyn J. Siegel, M.D. and G. D. Shackelford, M.D. 
Mallinckrodt Institute of Radiology, Washington University School of Medicine, 510 South Kingshighway 


Boulevard, St. Louis, Missouri 63110 


(Received August, 1978 and in revised form November, 1978) 


The quantity of contrast agent that should be used 
for intravenous urography for neonates has been 
consistently higher than that for older children and 
adults. The authors wish to report an 18-day-old girl 
who developed pulmonary oedema shortly after re- 
ceiving 4.7 ml/kg of Hypaque 50, a dose within the 
range recommended in some publications (Hender- 
son and Torch, 1977; Standen et al., 1965). 


Case HISTORY 

A 3 kg newborn girl who was the product of an uneventful 
pregnancy and delivery, was admitted to St. Louis Child- 
dren’s Hospital for exstrophy of the bladder, imperforate 
anus, and a small omphalocele. The omphalocele was re- 
paired the first day of life and a colostomy performed. A 
chest roentgenogram demonstrated only slight dextroversion 
of the heart (Fig. 1a). She was clinically stable and well 
hydrated without unusual fluid loss from the colostomy. On 
day 17 the patient’s serum chloride, sodium, potassium and 
blood urea nitrogen were normal. On day 18 the patient had 
an unprepared intravenous urogram. Fourteen ml (4.7 ml/ 
kg) of Hypaque 50 (sodium diatrizoate) was injected 


through a 23 gauge needle. The length of time of injection 
was under one minute. A few minutes following the in- 
jection, the patient became cyanotic, and had bloody 
frothy sputum, tachycardia and tachypnoea. Auscultation 
revealed bilateral rales and rhonchi. The clinical diagnosis 
was pulmonary oedema, and the patient was treated with 








oxygen, semi-erect position, and intravenous digitalization. 
A chest roentgenogram 20 minutes following injection of the 
contrast agent confirmed pulmonary oedema (Fig. 1B). An 
abdominal roentgenogram several hours later showed 
normal kidneys. A chest roentgenogram the following day 
showed virtually complete clearing of the pulmonary 
oedema. The patient continued to do well, and clinical and 
laboratory cardiac evaluation were normal. Subsequent in- 
travenous urography has been performed without difficulty. 


DISCUSSION 

The type of adverse response in our patient sug- 
gests overdosage by a hypertonic contrast medium 
with resultant cardiopulmonary failure from in- 
creased intravascular volume. Previous investiga- 
tors (Bernstein et al., 1961; Busfield et al., 1962; 
Lachlan, 1970; Lindgren et al., 1968; Mudd et al., 
1965; Sotos et al., 1962; Standen et al., 1965) have 





B 
Fic. 1. 
Chest roentgenograms showing (A) slight dextrorotation of 


the heart with normal lungs and (B) acute pulmonary oedema 
following intravenous urography. 
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shown profound rapid changes in patients and ex- 
perimental animals in serum osmolarity, pH, 
electrocardiography, heart rate and blood pressure, 
following the injection of urographic agents or 
hypertonic agents. A coincidental fall in haemato- 
crit in experimental animals also occurs, indicating 
that fluid was being rapidly drawn into the vascular 
compartment. 

Fatal cardiopulmonary reactions in infants and 
children have been reported with overdoses in the 
range of 7 to 9 ml/kg or greater. Cne was a newborn 
infant (weight 2.1 kg at the time of urography) who 
died of cardiopulmonary failure soon after receiving 
7.0 ml/kg of Conray 60 (meglumine iothalamate) 
(McClennan et al., 1972). Ansell (1970) reported 
three other infants dying from overdoses of intra- 
venous contrast agents. The amount of urographic 
agent received in these three patients was (1) 250 ml 
of 30% Urografin (80 ml/kg) meglumine and 
sodium diatrizoate; (2) 25 ml of Urovison (8 ml/kg) 
(meglumine and sodium diatrizoate); and (3) 20 ml 
of Urografin (6 ml/kg) repeated after ten minutes. A 
3.7 kg infant developed reversible cardiac arrest and 
pulmonary oedema after receiving 3.3 ml/kg of 45% 
sodium diatrizoate (Ansell, 1976). Pulmonary 
oedema has been reported in adults receiving con- 
trast media (Malins, 1978; Shehadi, 1975). 

Deaths in experimental animals from the com- 
monly used monomeric intravenous contrast agents 
(Hypaque 50, Conray 60, and Renografin 60) has 
been reported with doses ranging from 6.8-19 ml/kg 
and higher (Bernstein et al., 1961; Busfield et al., 
1962; McClennan et al., 1972; Salvesen. 1973). The 
wide range of toxicity values in experimental animals 
largely reflects differences in rates of injection of the 
contrast agents (Busfield et al., 1962; Hoppe, 1959; 
Salvesen, 1973). Busfield et al. (1962) in their ex- 
periments on rats almost doubled the LD5o levels 
by slow injections. In newborn rats the LDso of 
Hypaque 50 is 10 ml/kg, one half that of the adult 
rat (Kaufman et al, 1966). The LD5s9 of dogs 
receiving Hypaque M90 rapidly injected was 3 ml/ 
kg and death resulted from pulmonary oedema 
(Bernstein et al., 1961). 

Several authors recommended 5 ml/kg of con- 
trast agent for newborns (Henderson and Torch, 
1977; Standen et al., 1965). However, in view of our 
case of a newborn developing frank congestive 
failure and pulmonary oedema from slightly less 
than 5 ml/kg we recommend that the dose be no 
greater than 4 ml/kg. Since another neonate 
developed pulmonary oedema with 3.3 ml/kg per- 
haps the figure should be less than 3 ml/kg. Higher 
doses should be injected slowly. T here should be 


valid indications for intravenous urography in 
small infants, especially those under 2 kg, because of 
thermal instability and the rapid changes in serum 
osmolarity. There are no good prospective studies on 
optimal intravenous urography dosage in neonates. 
The current recommendations are empirical. In- 
vestigations performed on adults and experimental 
animals suggest that dosages greater than 2 ml/kg 
for the usual contrast agents (Conray 60, Hypaque 
50, Renografin 60) do not improve urography 
(McClennan et al., 1971). However, this may not be 
valid for neonates. 
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Castleman's disease. Angiofollicular benign lymph-node hyperplasia. 
Radiological features in the differential diagnosis of vascular 


tumours of the pelvis 
By P. O. Riba, M.D. 


Department of Radiology, Landspitalinn, National Hospital, Reykjavik, Iceland 


(Received May, 1978) 


In 1954 Castleman first described a thymoma-like 
mass in the anterior mediastinum (Castleman, 1954; 
Castleman et al., 1956). The histology was that of a 
benign lymph-node hyperplasia. Many reports of 
this condition have since appeared in the literature 
(Abell, 1968; Anagnostou and Harrison, 1972; 
Blomquist, 1963). Descriptions in the radiological 
literature have been confined to thoracic lesions, pre- 
senting as asymptomatic well-defined homogenous 
masses involving lungs, lymph-nodes and media- 
stinum. These have been indistinguishable from 
other space occupying conditions such as thymoma, 
hamartoma, bronchial adenoma lymphoma and 
neurogenic tumours (Katz and Dziadiw, 1960; Wol- 
fel et al., 1964), the diagnosis being made by the 
pathologist. Although benign lymph-node hyper- 
plasia (BLH) is most commonly found in the media- 
stinum, other sites in decreasing order of frequency 
are the lung hila, lungs, neck, axilla, retroperitoneum 
and pelvis (Keller et al., 1972). Recently a patient 
was referred to us for angiography with a mass in 
the right pelvic cavity, Histologically the lesion was 
compatible with BLH. 

As far as we can ascertain there has been no report 
of the radiological features of this condition within 
the pelvis. The purpose of this article is therefore to 
present the angiographic appearance of BLH which 
should be considered in the differential diagnosis of 
vascular tumours in the pelvis. 


Case REPORT 

A 58 year old caucasian male was referred to the National 
Hospital Reykjavik, giving a three year history of progres- 
sive swelling of his right thigh together with bouts of pain 
in the right groin radiating down the front of his thigh. Dur- 
ing the last three to four months there was increasing weak- 
ness and tiredness preventing him from working as a tele- 
phone operator. Out patient investigation revealed an 
abnormal electrophoretic pattern in his serum proteins. 

Past medical history: asthma of many years’ duration, 
chronic sinusitis and recurrent exophthalmos due to retro- 
bulbar hyperplasia necessitating five decompressive opera- 
tions. 

Clinical examination: the right thigh was 5 cm thicker 
than the left. A lump was palpable in the right groin and 
there was tenderness in the right iliac fossa but no obvious 
mass. Other signs elicited: exophthalmos with ptosis on the 
right and high pitched scattered rhonchi in both lung fields 
on forced expiration. The liver, spleen and lymph-nodes 








Fic. 1. 


Excretion urogram showing compression and displacement 
of the bladder to the left. 


were not enlarged. On rectal examination there was fullness 
to the right. 

Laboratory findings: Hb 14.0-13.1 gm, MCHC 31-33, 
ESR ranged between 37 and 45 mm/hr (Westergren), WBC 
11000/ cc, serum proteins 7.5 g%, electrophoretic pattern 
Alb 36.6%, alpha-1 4, alpha-2 7.2%, gamma globulin 
46.5% (normal level about 25%) IgG 5575 mg/100 ml 
(normal level 1000). 

Liver function tests, urine analysis, bone marrow and 
chest X-rays were normal. Skeletal survey was normal apart 
from some osteoarthrosis of the lumbar spine. There was 
marked maxillary sinusitis. 

Excretion urography showed moderate displacement of 
the right ureter towards the mid-line and an impression on 
the right wall of the bladder suggesting a mass (Fig. 1). This 
was substantiated by cystoscopy which revealed an intact 
mucosa with an extravesical space occupying lesion imping- 
ing on the right posterior aspect of the bladder. 
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Fic, 2A. 


Flush aortogram. There is enlargement of the arteries on Fic. 2c 
the right side as compared to those on the left. e 5 . ; P . 
Subtraction film, precapillary phase: innumerable tiny ves- 


sels scattered throughout the area. Pooling in veins. No 
neovascularity. Tumour blush was not seen. 





Fic. 2B. 


Subtraction film. Midarterial phase: note the irregular ves- 
sels and premature filling of some veins. 


Angiography of the pelvis was performed by the trans- 
femoral route using the Seldinger technique (Seldinger, 
1953). This revealed a highly vascular mass in the right 
pelvis extending from the mid-line to the iliac fossa and the 
inguinal ligament and ascending up to the level of the pelvic 
crest. The vascularity was uneven, the arteries being most 
numerous close to the mid-line near the bladder where the 
vessels were irregular and there was venous pooling. The 
mass was supplied mainly by branches of the right internal 
and external iliac arteries and to a lesser extent the lower- 
most right lumbar artery. The feeding vessels were consider- 
ably enlarged, especially the internal iliac artery and its 
branches (Fig. 2a). The transit time was prolonged, pre- 
mature filling was present but no typical tumour vessels or 
contrast staining were seen (Figs. 2B, 2c). The inferior 
vena cava was displaced to the left (Fig. 3). Angiography 
suggested a benign retroperitoneal tumour or a chronic Cavogram showing displacement of the inferior vena cava to 
inflammatory process but gave no guide to the histology. the left above the confluence of the common iliac veins. 
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Exploration revealed a firm, fibrous, vascular and fatty 
web-like mass studded with lymp-nodes and occupying 
most of the right pelvis. It extended from the femoral hiatus 
to well above the bifurcation of the aorta where a cord-like 
firm mass was felt retroperitoneally alongside the vertebrae. 
Piecemeal excision was carried out but it was impossible to 
remove the whole of the mass. 

‘The histology was giant lymph-node hyperplasia (Castle- 
man) of transitional type, including both plasma-cell and 
hwaline vascular lesions. 


DISCUSSION 

The histology of BLH is well documented (Anag- 
nostou and Harrison, 1972; Keller et al., 1972). 
Microscopically about 90°, show predominantly 
hyaline vascular changes and the remainder plasma- 
cell lesions. A combination of these features in the 
same lesion is distinctly uncommon. The hyaline 
vascular type is almost always symptomless apart 
from the result of pressure on adjacent structures. 
'The plasma-cell lesions present with general systemic 
signs and symptoms including fever, anaemia, raised 
ESR leucocytosis and hypergammaglobulinaemia 
as reflected by the IgG fraction (Anagnostou and 
Harrison, 1972; Keller et al., 1972. These manifesta- 
tions remit with total removal of the lesion. The 
aetiology is unknown but most authorities suspect 
an infective agent or an immune reaction. Both sexes 
are equally affected and most patients are in the 
fourth or fifth decades. The lesions are non-invasive 
and do not metastasize to other parts of the body. 
Follow-ups of 15-20 years duration are recorded 
without evidence of recurrence (Griff and Griff, 
1968). 

Histologically our patient showed the rare transi- 
tional form with both plasma-cell and hyaline vascular 
changes. Clinically he illustrates the classic systemic 
changes found in the plasma-cell forms. Postopera- 
tively the WBC returned to normal levels, the ESR 
remained at 40 ra and the IgG fell from 5575 to 
3359 mm/100 ml. The two latter readings are still 
raised and are probably due to incomplete removal of 


tumour tissue. Despite this the thigh diameter has 
diminished 3 cm. The patient has improved clinic- 
ally, has no complaints and works full time. 


SUMMARY 

An unusual case of benign lymph-node hyper- 
plasia (Castleman) in the pelvis is reported and its 
clinical, histological and radiographic characteristics 
discussed. The angiographic appearances in this 
situation have to our knowledge not been described 
before in the literature. The angiographic features 
are not diagnostic, being mimicked by a wide variety 
of vascular tumours in the pelvis. The benign nature 
of the condition is stressed. BLH should be con- 
sidered in the differential diagnosis of vascular tu- 
mours in the pelvis. 
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Book review 


An Atlas of Radiological Anatomy. By Jamie Weir and Peter 
via pp. 287, illus., 1978 (Pitman Medical, Kent), 
£15-00, 

This is an excellent 287 page atlas of radiographs and line 
drawings covering basic radiological anatomy. It is well 
presented although I feel that the quality of some of the 
radiographic plates could be improved. There has been a 
definite gap in the radiological literature and this book has 
gone a long way in filling it. However, in some respects 


there is insufficient detail for radiologists. If the balance of 
medical education were better all medical practitioners 
would be expected to know all these basic radiographic 
anatomical facts prior to qualification. 

However, it is an excellent text to be recommended to all 
medical students, radiographers, physiotherapists, nurses 
and is essential for Ist year trainee radiologists. 

A. B. AYERS. 
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Hyperthermia and the oxygen enhancement ratio for damage to 


baby rat cartilage 
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One factor which may limit the sterilization of some 
tumours by radiotherapy is the presence of hypoxic cells 
which are resistant to treatment with X rays. Techniques to 
overcome this problem include the use of high pressure 
oxygen, high LET radiations such as fast neutrons, and 
hypoxic cell sensitizers. There are reports that each of these 
methods is more effective than X rays alone (Henk and 
Smith, 1977; Catterall, 1977; Urtasun et al., 1977). 

Hyperthermia has also been suggested as a possible 
method of cancer therapy, given either alone or in combi- 
nation with X rays or drugs. It is therefore important to 
understand how hyperthermia and X irradiation may affect 
hypoxic cells. When hyperthermia has been combined with 
X rays there are indications that the oxygen enhancement 
ratio (OER) for cells in vitro has been reduced (Robinson 
et al., 1974; Kim et al., 1975a; Sutherland and Durand 
(in Bronk), 1976). Dewey et al. (1977) called this ‘*... one of 
the most important aspects of hyperthermia which may 
indeed be the source of the poor man’s high LET radiation”, 
There are also several reports that hypoxic cells in vitro are 
just as sensitive to direct heat damage as are well oxy- 
genated cells (Kim et al., 1975b; Harisiadis et al., 1975). 
Studies in vivo have shown that clamping the blood supply 
to a limb or organ causes a dramatic sensitization of tissue to 
direct heat damage. This is true both for tumours and 
normal tissues (Suit, 1977; Hill and Denekamp, 1978; 
Morris et al., 1977). However, there is evidence from 
experiments with cells in vitro that low pH or nutrient 
deficiency also cause a dramatic increase in cell sensitivity to 
direct heat damage (Overgaard 1976; Gerweck and Rottin- 
ger, 1976; Hahn, 1974). The problems of separating the 
effects of hypoxia, low pH and nutritional deprivation in 
vivo make it difficult at present to understand which are the 
critical factors involved in the increased sensitivity. 

In addition, with cells in vitro it is difficult to determine 
whether cells die from direct heat damage or from heat- 
enhanced X-ray damage. For direct heat damage such a 
separation between the two responses can be made with 
experiments in vivo because the effects may differ quali- 
tatively, or in the time course of their development (e.g. 
Law et al., 1978; Morris et al., 1977; Myers and Field, 
1977). 

METHOD 

In the present study, cartilage in the tails of baby rats was 
used to examine the response of a normal tissue in situ to 
combined heat and X irradiation under both normal and 
hypoxic conditions. Whereas direct heat damage to the tail 
causes necrosis (Morris et al., 1977), X rays alone or X rays 
enhanced by hyperthermia cause a stunting of vertebral 
growth (Myers and Field, 1977). Only the distal half of 
the tail was treated. The mean length of a group of vertebrae 
in the treated portion was compared with normal growth in 
the untreated portion and a percentage stunting obtained for 
each rat. To induce hypoxia the blood supply to the tail was 
occluded using a thin rubber cuff. In these experiments, the 
cuff was applied only 3-4 minutes prior to and during 
X irradiation. For hyperthermia, tails were heated to 43°C 
for one hour and X irradiation was begun five minutes after 
the end of the heating. Radiographs of the tails were taken 13 
weeks later and the lengths of the treated vertebrae were 
measured. The results are shown in Figs, 1 and 2. The heat 


treatment (43°C for one hour) given alone caused no ob- 
servable damage. 
RESULTS 

The curves shown in Figs. 1 and 2 were fitted by re- 
gression analysis. The intercepts obtained by this initial 
analysis were found to be different from one another, but 
not significantly so. A weighted mean of these was calculated 
and included as a point for recalculation of the curves. The 
OER values thus obtained from the slope ratios were 2.03 
for X rays alone and 2.28 when the tails were pre-treated. 
These were shown to be not significantly different from one 
another and thus there was no indication of a reduction in 
OER by hyperthermia. 

Thermal enhancement ratios (TERs) were also calculated 
as slope ratios and found to be 1.68 for clamped con- 
ditions and 1.88 for normal conditions. Previously we have 
shown that the TER is dependent on the level of damage at 
which it is assessed (Myers and Field, 1977). However, in 
this study, where regression lines have been fitted to the 
data, no such dependence is seen. 


Discussion 

Radiobiological hypoxia as induced in most in vitro test 
systems may be accompanied in many cases by nutrient 
deficiency and low pH in the cell medium. Although the 
work by Robinson et al. (1974) and Kim et al. (1975a) 
suggested that oxygen depletion was responsible for the 
increased radiosensitization of “hypoxic” cells by heat (i.e. 
reduction in OER), there was no mention of control of 
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Fig. 1. 


Dose-effect curves for X rays alone to normal and clamped 
baby rat tails, showing percentage stunting vs. dose of X rays 
The slopes of the regression lines give an OER of 2.03. 
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Fic, 2. 


Dose-effect curves for X rays to normal and clamped baby 

rat tails after a heat treatment of 43°C for 1 hour. The 

slapes of the regression lines give an OER of 2.28. The 
vertical lines show standard errors. 


nutrient levels or pH in the report by Kim et al. (1975a) 
although Robinson has stated that the pH in his system was 
measured and found to be constant (personal communi- 

gation). The probability of undetected direct cell killing 
by hyperthermia would increase if the pH was reduced and 
and could certainly lead to the measured reduction of OER 
in the above experiments. Power and Harris (1977) using 
normal and tumour cells in vitro achieved extreme hypoxia 
by passive gas exchange rather than by respiration-assisted 
oxygen depletion. They claimed that their cells experienced 
no nutritional stress or variation of pH. They observed no 
change in OER at 43°C and suggested that neither hypoxia, 
pH nor nutrient deficiency could alone be responsible for 
the increased sensitivity of hypoxic cells at elevated tem- 
peratures. Kiefer et al. (1976) also observed no decrease in 
OER in diploid yeast cells heated at 47°C, 

It seems therefore that there are discrepancies in the in 
witro results which have been reported with a clear demon- 
stration that different experimental techniques can lead to 
different conclusions. Data presented by Thrall et al. (1975) 
from work carried out on mouse foot skin also indicate no 
decrease in OER after pre-heating. By clamping the blood 
supply of the rat tail we have made the tissue ‘‘radiobio- 
logically hypoxic” giving an OER of about 2-0. This OER 
value is similar to that found by Dixon (1967) who pre- 
viously found an OER of 2:3 using this system. It is 
probable that the trend towards a higher OER value after 
heating is due to better oxygenation due to increased blood 
flow in the unclamped tails. Whether or not clamping 
causes other physiological changes and whether they are 
similar to conditions in poorly vascularized tumours is not 
known, but we have found no decrease in OER of the tissue 
for combined heat and radiation, which does not support the 
view that hyperthermia may be a substitute for high LET 
radiation in this respect. 

In conclusion, hyperthermia may selectively kill hypoxic 
cells. However, these experiments demonstrate that heating 
to levels which are insufficient to cause any observable cell 


killing does not result in a differential sensitization of 
hypoxic cells to subsequent X irradiation. 
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Though the radiocurability of human tumours varies widely, 
most cells in culture prove to have rather similar radiation 
survival curves. A small number of tumours, however, in- 
cluding melanoma (Dewey 1971; Barranco et al., 1971), 
osteosarcoma (van Putten 1968) and rhabdomyosarcoma 
(Rheinhold 1966), have been reported to possess unusually 
wide-shouldered survival curves for cells growing in culture. 

These observations have given rise to the suggestion that 
there may exist a sub-class of radioresistant tumours whose 
resistance is due to a wide-shoulder rather than to a shallow 
terminal slope of the survival curve. Such tumours might be 
treated more effectively by a small number of large-dose 
fractions of radiation, than by a conventional schedule 
(Hornsey 1972; Wheldon and Kirk 1975). This contention 
is supported by the results of a recent clinical trial (Haber- 
malz and Fischer 1976) and retrospective survey (Hornsey 
1978) in the case of malignant melanoma, and by very pre- 
liminary clinical indications in the case of osteogenic 
sarcoma (Goffinet et al., 1975; Kaplan 1977). 

Very recently, Zeitz and McDonald (1978) have drawn 
attention to the large numerical differences obtained for the 
prediction of cell survival following fractionated irradiation, 
according to the mathematical model chosen to represent the 
cell survival curve. These authors considered four treatment 
schedules presumed to have equivalent effects on normal 
connective tissue. They computed cell survival probability 
using three mathematical models fitted to the in vitro data of 
Dewey (1971) on melanoma cells and demonstrated that, at 
least for small fraction sizes, the numerical results were 
heavily dependent on choice of model. 

Zeitz and McDonald (1978) are clearly right to emphasize 
the existence and magnitude of these differences, but their 
conclusion that the resultant uncertainties ‘‘could be so large 
as to make estimates (of cell survival) of little or no value” is 
excessively severe. This is demonstrated in Table I. 

As may be seen, the predicted order of superiority of the 
four schedules is the same for all three models, though the 
absolute value of the differential, in terms of cell survival, 
between the best schedule (IV) and the worst schedule (I) 
ranges between six and eleven factors of ten according to 
model chosen. The appropriate conclusion would seem to be 
that the data of Dewey (1971) unequivocally point to the 
superiority of large doses per fraction, though the absolute 
magnitude of this superiority depends on the model used. 

Other objections may be put, however, As Zeitz and 
McDonald (1978) also note, there exists no consensus re- 
garding the shape of the survival curve for melanoma cells, 
Table II summarizes the findings of several authors, using 
Da as a measure of shoulder width, and shows that five out 
of seven studies iz vitro indicated a shoulder width in excess 
of 200 rad, while the one in vive study gave a small extrapol- 
ation number with a shallow terminal slope suggestive of a 
hypoxic survival curve. Despite these variations, the tend- 
ency to observe a wider than average shoulder width for the 
survival curve of melanoma cells is apparent. 

All the preceding calculations were based on survival 
curves for well-oxygenated cells which were therefore pre- 
sumed to be the dominant cell type governing radiocura- 
bility. The importance of hypoxic cells is well-established in 
the case of experimental tumours, and the same can be pre- 
sumed in human tumours. There is general agreement that 
the slope of the terminal exponential portion of cell survival 


TABLE I 


IMPLICATIONS OF THE ANALYSIS OF ZEITZ AND MCDONALD 
(1978) FOR CHOICE OF TREATMENT SCHEDULES (DATA OF DEWEY, 





Differential 
Schedules in advantage of 
order of best over 
Model “superiority 





Simple multitarget 


n= 15 IV, HI, I, I 1.18 x 1072 
Do = 94 rad 
Linear-quadratic 


a = 7.4 x 1074 rad- 
B = 8.4 x 10-8 rad-? 


IV, IM, H, I 4.0 x 10-1 





Multitarget with 
non-zero initial 
slope 
Dı = 327 rad 
Do = 108 rad 
n = 53 


IV, III, 1, I 1.23 x 10-8 


i fl 








Schedules are defined as follows: 
1:31 x 200 rad; II: 7 x 620 rad 
IHI: 4 x 960 rad; IV:3 x 1200 rad 
These schedules are presumed equivalent for normal tissues 
as assessed by the NSD formula. 


Note: 


TABLE II 


SUMMARY OF EXPERIMENTAL FINDINGS ON THE SHOULDER 
WIDTH OF THE SURVIVAL CURVE FOR MALIGNANT MELANOMA 











CELLS. 
Radiation | Dg 
Authors Species | Conditions | rad 
Dewey (1971) Mouse in vitro 254 
Barranco et al., (1971) Man in vitro 314 
Thomson et al., (1975) Man in vitro 329 
Zeitz & Sigali (1977) Mouse in vitro 94 
Guichard et al., (1977) Man in vitro 230 
Guichard et al., (1977) Man in vivo, as |158 
xenograft 
Smith et al., (1978) Man in vitro 216 
Weininger et al., (1978) Man in vitro ka 








Dgo is the intercept on the abcissa of the extrapolated expo- 
nential portion of the survival curve and constitutes a measure 
of shoulder width. A typical value of Dq for a well-oxygenated 
cell line (n = 2, Do = 130 rad) would be about 90 rad. 
Less than 20% of all cell lines have Da in excess of 200 rad 
(Hornsey 1972). Where more than one cell line was studied, 
the Dg value cited in the table is derived from the parameters 
cited as representative by the authors, or is the arithmetic 
average of the Dg values for each line. 
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curves is reduced, typically by a factor of between two and 
three, No such consensus exists however, regarding the 
effect of hypoxia on the early, shouldered part of the survival 
curve, but there is some evidence that hypoxia may abolish 
er reduce the width of the shoulder (Revesz et al., 1975; 
Guichard et al., 1977). Whether this phenomenon is a gen- 
eral one is not yet known. 

I have computed the theoretical cell survival probabilities 
fer each of the four schedules considered by Zeitz and 
MeDonald (1978) for two hypothetical survival curves for 
anoxic melanoma cells. These curves are obtained from data 
of Dewey (1971) on the survival curve of oxygenated cells, 
using the multi-target model with non-zero initial slope 
(found by Zeitz and McDonald to provide the best fit to 
these data) and transforming the model parameters by 
assuming a dose-modifying factor of 2.5 and either (a) 
shoulder unchanged, or (b) shoulder abolished. 

The results, presented in Table HHI, show that the advan- 
tage now passes to schedule | whether the shoulder is 
retained or abolished. No allowance has been made in these 
calculations for either re-population or re-oxygenation, 
though the former effect is unlikely to alter the order of 
superiority of the schedules if each is administered in the 
same overall time. 

Re-oxygenation, however, which is highly variable be- 
tween different experimental tumours, could be of critical 
importance in determining whether oxic or hypoxic cells are 
the more important at any moment. If re-oxygenation is 
brisk during therapy, oxic cells continue to control the 
surviving fraction and schedule [V should, again, be used 
throughout. If, however, re-oxygenation takes place slowly 
or not at all during therapy, hypoxic cells become increas- 
ingly important as treatment proceeds. This suggests a non- 
uniform schedule in which large doses per fraction (as in 
schedule IV} gradually give way to smaller doses per fraction 
{as in schedule I), It would seem therefore that large doses 
per fraction should logically be used at least in the early 
stages of therapy and perhaps throughout. 


TABLE HI 
PREDICTED SURVIVAL PROBABILITIES FOR ANOXIC MELANOMA 
CELLS TREATED WITH ALTERNATIVE SCHEDULES 





Probability of cell survival 
for schedules 











Form of 

survival Model 

curve parameters I Il Ill IV 
Shoulder = 4.84 3.47 1.24 
Fully Do=270 rad x 10-4 x103 x103 x103 
Retained n== 53 

Shoulder Dy = %0 1.0 1.05 6.66 1.6 
Completely Do=270 rad x10719 x107 x107 x 10-8 


Abolished n= 





multitarget model with non-zero initial slope. The para- 
meters are obtained by transforming those of Zeitz and 
McDonald (1978) for the data of Dewey (1971) by assuming 
a dose-modifying factor of 2.5 and either (a) full retention of 
shoulder or {b} complete abolition of shoulder. No allowance 
is made for repopulation or reoxygenation, 


While it is no doubt premature to draw firm conclusions 
on the basis of the data presently available, these consider- 
ations continue to provide encouragement that there may 
exist a class of radioresistant tumours whose response to 
treatment might be substantially improved by a more 
appropriate choice of treatment schedule. Further work to 
identify such tumours, and to characterize their oxic and 
hypoxic survival curves in vitro and in vive seems warranted. 
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The provision of a district nuclear medicine service 
By A. T. Elliott, B.A. Ph.D., C. F. Nottage, B.Sc., M.Sc., A.R.C.S., P. B. Newcombe, M.D., F.R.C.P.,* 


and K. E. Britton, M.D., M.Sc., M.R.C.P. 


Department of Nuclear Medicine and Radioisotopes, St Bartholomew's Hospital and Hackney Hospital,* 


London 


(Received September, 1978 and in revised form November, 1978) 


The high cost of nuclear medicine equipment, together with 
the necessary radiopharmaceutical facilities, has led to the 
establishment of departments of nuclear medicine mainly in 
the major hospital of a district or area. This necessitates 
the transport of patients from other hospitals to the de- 
partment by ambulance, usually accompanied by an escort 
nurse. Certain categories of patient are unable to travel and 
are not studied. Ambulance transport can lead to timing 
problems—if an ambulance is late in arriving, the depart- 
ment’s schedule can be thrown into chaos while, if the return 
journey is delayed, patients may spend long periods in the 
often unsuitable and cramped waiting area. 

Following the introduction of mobile cameras, an alterna- 
tive procedure is to take the service to the patients by 
transporting a camera to the other hospitals in a group 
together with any necessary radiopharmaceuticals and 
equipment. A pilot study has been carried out, providing a 
service on one day per week to another hospital in our 
district. 

The camera (Searle LEM) was delivered to the site on the 
evening preceding use together with a dose calibrator, 
radiation monitor, gloves, needles etc: three people, in- 
cluding the driver, were found adequate for the task of 
loading and unloading. No special precautions to safeguard 
the detector were taken other than to leave the collimator 
fitted: the truck was not equipped with air-conditioning. 
The average duration of the journey was between 30 minutes 
and one hour, 

At the daughter hospital, an empty room was needed at 
least 4 metres square with a door wide enough for a patient’s 
trolley to pass through and containing at least two 13 amp 
sockets, one for the gamma camera and one for an ion- 
ization echamber. If X-ray film is used as the image re- 
cording medium, proximity to the X-ray department’s 
processor is desirable while the location is immaterial if 
Polaroid film is used, 

Requests for investigations were made to the base de- 
partment in the normal way, and non-urgent studies were 
arranged for an appropriate day at the daughter hospital. 
Urgent requests, except for those made when the camera 
was at the daughter hospital, were dealt with as before, the 
patient being transported to the base department. Individual 
doses of radiopharmaceuticals were made up in the base 
department for each patient, appropriately packaged (Code 
of Practice for the Carriage of Radioactive Materials by Road, 
HMSO, 1975: for exemption limits see Health Notes HN 
(78) 37). Materials, accompanied by two members of staff, 
were taken to the daughter hospital on the routine mail 
transport vehicle and on arrival each dose was unpacked, 
checked in the dose calibrator and placed in a shielded 
container. Radiopharmaceuticals required for urgent in- 
vestigations requested when the camera was at the daughter 
hospital were sent from the base department by van on the 
scheduled district mail runs. Radiopharmaceuticals were 
administered on the ward by a member of the referring firm, 
who was issued with a film badge dosimeter if not already a 
designated radiation worker. 

A range of static studies including bone, brain, liver and 
lung were undertaken. The LEM gamma camera is capable 
also of producing a twelve-image dynamic study on one film 
and, together with the separate computer module, of perform- 
ing gated cardiac studies, renography and other dynamic 


investigations. Thus, apart from the necessity of using a 
diverging collimator to view large organs, the full range of 
studies offered by the base department may be undertaken. 

Images were returned to the base department at the end of 
the day for interpretation; verbal reports were telephoned to 
the appropriate wards, followed by written reports later. 
All waste was returned to the base department for disposal. 
After initial minor logistic difficulties, the scheme worked 
well and was received with enthusiasm by the medical and 
nursing staff of the daughter hospital. 

While, in this pilot study, every attempt was made to 
provide a completely self-contained service, a more flexible 
and effective service could be provided if minimal radio- 
pharmaceutical dispensing facilities were available at the 
daughter hospital. This would allow stock solutions of 
radionuclides and a selection of radiopharmaceutical kits to 
be transported, the doses being prepared on-site as required. 
In addition, if members of the local medical staff were 
trained in nuclear medicine, perhaps by temporary attach- 
ment to the base department, or alternatively if junior 
nuclear medicine staff travelled with the camera, immediate 
reports would be available to the referring clinician: such 
trained staff could also administer the radiopharmaceuticals. 

Further development of this ‘sessional nuclear medicine” 
approach could either take the form described above or else 
that used, very successfully, for a whole-body counter 
(Boddy, 1967) in which the equipment is mounted in an air- 
conditioned van. The latter method would have the advan- 
tage that the gamma camera would not be subjected to such 
rough handling or to temperature changes but could be 
disadvantageous in terms of access to the vehicle and in the 
lack of space for adequate positioning of the patients. 

Considering the costing involved, the LEM camera is 
valued at £48000 complete except for the computer trolley, 
which is a further £12000. Even if a truck is not already 
available and has to be purchased specifically for this 
purpose, the additional cost would be approximately £9000, 
giving a total capital cost of £69000. Running costs would 
be approximately £12000 per annum for a radiographer or 
technician, driver and servicing of camera and truck. 
Building costs are ignored since use can be made of a multi- 
purpose room (such as a seminar room or out-patient clinic 
area) to house the camera during its visits. 

In our case, such a mobile camera would be used to 
provide services to at least three hospitals on a routine basis 
and the comparative capital cost of three fixed installations 
would be in excess of £150000 for the cameras with an 
additional (notional) figure of £24000 to provide the 
necessary space and services in a new building, the latter 
figure being substantially less if existing accommodation 
was upgraded. Running costs, for camera servicing and 
staffing of one full-time and two part-time radiographers or 
technicians, would be approximately £14500 per annum, 

It can be seen that the mobile camera offers substantial 
savings on capital investment and a modest advantage in 
running costs over the multiple fixed installations. In 
comparing the mobile system against the cost of a single 
fixed installation and transporting patients to the base 
department, the advantages of the mobile system cannot be 
quantified so readily. Nevertheless, the additional cost of the 
truck, its servicing and the provision of a driver (where 
necessary) can be set against a notional cost of £1 per mile 
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for non-emergency ambulance services plus the cost of 
providing an escort nurse in certain cases. The less ob- 
jective advantages, such as being able to offer a nuclear 
medicine service to a wider range of in-patients (and a local 
service for out-patients) at the daughter hospitals and of 
releasing ambulances and crews for more vital duties, must 
remain matters for individual evaluation. 

It should ,be noted that, in choosing a mobile camera, 
weight is an important factor, since many hospital lifts in the 
UK have a maximum load capacity of 1000kg or under. 

We believe that the operation of a mobile system offers a 
useful and cost-effective means of extending nuclear 


medicine services to a greater proportion of patients through- 
out a district or area, 
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Book review 


A Study Guide for Radiologic Technologists. By Judith P. 
Baron, pp. 540, 1978 (Charles C. Thomas, Springfield, 
Tinois) $17.50, 

ISBN 0-398-03726-4. 

According to its cover this book is designed to comple- 
ment classroom instruction in radiological physics, radio- 
graphic circuitry, basic radiographic accessories and 
radiation biclogy. Mrs. Baron has devised a new system to 
help readers to understand the basic physics and radiobiology 
from first principles and to organize isolated bits of know- 
ledge into larger ideas. The book is divided up into num- 
bered frames and each piece of information is put into one 
of these frames. The frames are presented in sequence, 
through which technical terms are defined and concepts 
developed. Interspersed with the frames are information 
panels, summaries and student evaluations, consisting of 
questions relating to the previous chapter. As the reader 
progresses through the book, there are constant oppor- 
tunities to refer back and reinforce earlier concepts, made 
easy by the numbered frame system. I found the programme 
worked very well indeed. However, leaving a blank space in 
each frame, and printing the missing word in heavy type at 
the bottom left corner, is distracting, particularly when the 
missing word is not a key word. 

Having grasped the system, the reader is launched into 
Chapter 1: basic information concerning matter, energy, 
and units of measurement. There are readily appreciated 
analogies to describe kinetic and potential energy. Having 
first been firmly told that the unit of weight is the kilogram, 
the reader finds that people’s weight is still discussed in 
pounds! The atornic structure of matter, electrical proper- 
ties and electron energy levels are all simply and clearly 
described, There is a reference list at the back of the book 
for those whe wish to enlarge on this basic information. 
Chapter 2 follows logically with electrostatics, methods of 
electrification, descriptions of how electrons move and 
five laws of electrostatics. Chapters 3 and 4 deal with 
electrodynamics and electromagnetism, describing current, 
potential difference and capacitance. Fundamental matters 
such as the amp, EMF, resistance, and Ohm’s Law are 
clearly defined. Solenoids and electromagnets are dealt with, 
and electromagnetic induction leads on to the next section 
which deals with alternating current generators and motors. 
Three phase generators and induction motors are well 
described, with examples of their use in X-ray equipment. A 


section on the production and control of voltage in radio- 
graphic circuits follows, including step-up and step-down 
transformers, transformer laws and current control by 
rheostats. The next two chapters concern rectification of 
alternating current, describing half- and full-wave recti- 
fication, valves, solid state rectifiers, photo electric tubes 
and their application as timers. X-ray tube design is also 
covered, including a description of a grid biased tube, The 
chapter on X-ray circuits is very basic and would need to be 
heavily supplemented by any student working for a D.C.R. 
equipment paper. The nature, production and properties of 
X rays come next, and this is full and informative. It is 
followed by a section dealing with image production. I found 
the description of latent images unnecessarily complicated, 
but the part dealing with films and screens was useful. 
Improving the image by the use of diaphragms, cones and 
grids is fully covered. There is an excellent section on 
radiation biology, the measurement of ionizing radiations 
and their effect on living tissue. I found the author’s 
presentation easy to understand and fascinating. The reader 
learns how radiation (electromagnetic or particulate) inter- 
acts with matter, how biological molecules may be altered 
and how in the case of DNA the changed molecule may 
carry a new reproductive message, causing mutations. Cells 
which are radiosensitive are listed and advice on patient 
protection given. Finally, a brief résumé of advagices in 
imaging modalities is given, mentioning image intensifiers, 
tomography, xeroradiography etc. I would have expected 
some mention of ultrasound here, but there was none. 

This is a very long book, and full of information. Mrs. 
Baron indicates in her preface that her object is to give a 
good working knowledge of the production of X radiation 
and its properties, so that the radiographer may achieve a 
good quality, diagnostic film, with the least radiation dose 
to the patient and the greatest protection to the operator. I 
think she has succeeded. She has been badly served by her 
publisher, however. The list of contents at the beginning is 
correct as far as page 5. Thereafter, nothing appears on the 
page stated, and the index has been left out altogether. A 
comprehensive book such as this needs its index (which is 
listed in the contents), and it is hard to understand how the 
book was released with such a glaring fault. Despite this it 
would be a valuable addition to the shelves of any radio- 
graphic school library. 

Par HOLISTER. 
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Interface dosimetry 


Tue Eprror—Sir, 

In a recent letter Lowe (1978) claimed that the measure- 
ments of Dutreix et al, (1962) on the variation in ionization 
across a copper-carbon interface are misrepresented in later 
publication¢ by Dutreix and Bernard (1966) and Spiers 
(1969). 

The original measurements were of the ionization in an 
air-filled cavity at positions on either side of the interface 
and the results were initially presented graphically with the 
ratio of the observed ionization to that obtained for a carbon 
chamber of equilibrium wall thickness U(Cu/C) plotted as 
the ordinate. 

It is indeed true that in the subsequent publications this 
axis was relabelled in terms of a dose ratio. The ratio is not 
however simply that of the absorbed dose to the medium at 
the position in question relative to the equilibrium dose in 
the lower atomic number medium, as Lowe seems to assume. 

Dutreix and Bernard (1966) clearly state that “the dotted 
curve in the copper corresponds to the dose in an infinitely 
small mass of water located in the copper”, while Spiers 
(1969) similarly notes that "the curves inside the Cu zone 
give the doses in a very small air (or tissue) volume within 
the copper”. 

If De, mo is the absorbed dose in the low atomic number 
component (carbon or water) at a point remote from the 
interface, where electronic equilibrium has been re- 
established, the corresponding dose in the copper Dea will, 
assuming negligible attenuation across the interface, be 
given by: 

Hn 
HC, H20 





Deu FE A De, mo 


where ucu and pc mo are the mass energy absorption 
coefficients of the media involved. The doses to a small 
volume of medium Z contained within a cavity located in 
such regions will, however, be: 
e 
mSz 

mS, 20 
for a cavity in the low atomic number component and 


c, Ho Dz = "De, m0 


mSz mSz Hou 
caDz =i i Deus Iae 
i 


= "De, t20 
mScu HC, H20 


for a cavity in the copper, mSz, mScu and mSc being the 
mass stopping powers for medium Z, copper and carbon 
respectively. 

Taking mass energy absorption coefficients for ®°Co 
from Evans (1968) and mass stopping power values for 
electrons of ~10 keV from Berger and Seltzer (1964), the 
various equilibrium dose ratios are then as follows: 

1. Air-filled cavity in copper relative to air-filled cavity in 
carbon (analagous to the original measurement conditions, 
Dutreix et al., 1962): 





= 1.39, 
cDair 3 


O mSeu pe 


2. Water-filled cavity in the copper relative to the equi- 
librium dose in water (Dutreix and Bernard, 1966): 


CuDmo MSH, HCu 
Dmo MSc HHO 


way 





= 1,45, 


3. Air or muscle-filled cavities within the copper relative to 
the equilibrium dose in carbon (Spiers, 1969): 


cuDair mSair HCu 
Sulatr Mosir, PCa 1.36, 
De mScu pe 





CuDmuscle p mSmusete Boa 1.59 


De mSeu ec 


The ratios derived in 1 and 2 above are, as far as can be 
ascertained, identical to those presented by Dutreix et al. 
(1962), and Dutreix and Bernard (1966), while the value 
shown by Spiers (1969) corresponds to the mean of the air 
and muscle values. 

The original figures are thus substantiated and the only 
“error” would appear to lie in Lowe’s somewhat idio- 
syncratic interpretation. 

Yours, etc., 
P. J. DARLEY, 
Central Electricity Generating Board, 
Research Division, 
Berkeley Nuclear Laboratories, 
Berkeley, Gloucestershire, GL13 9PB 
(Received Novenber, 1978) 


REFERENCES 

BERGER, M. J., and SELTZER, S. M., 1964. Tables of energy 
losses and ranges of electrons and positrons. NASA 
report NASA SP 3012. 

Durrerx, J., Durrerx, A., and Bernarp, M., 1962. Etude de 
la dose au voisinage de l'interface entre deux mileux de 
composition atomique différente exposés aux rayonne~ 
ment du ®Co. Physics in Medicine and Biology, 7, 69-82, 

DUTREIX, J., and Bernarp, M., 1966. Dosimetry at inter- 
faces for high energy X and gamma rays. British Journal of 
Radiology, 39, 205-210. ` 

Evans, R. D., 1968. X-ray and y-ray interactions. In 
Radiation Dosimetry Ed. F. H. Attix and W. C. Roesch, 
Vol. I, pp. 93-155 (Academic Press, New York). 

Lowe, D., 1978. Interface dosimetry. Letter to the Editor, 
British Journal of Radiology, 51, 60. 

Spiers, F. W., 1969. Transition zone dosimetry. In Radi- 
ation Dosimetry, Ed. F. H. Attix, W. C. Roesch and E. 
Tochilin, Vol. HI, pp. 809-867 (Academic Press, New 
York). 


Metrizamide in hysterosalpingography 


Tue EDITOR-—SIR, 

We have recently had the opportunity of using metri- 
zamide (Amipaque) during routine hysterosalpingography. It 
was used alternatively with Dimer-X in 44 patients. 

The metrizamide was dissolved using 4.7 ml of solvent 
with 3.75 g of metrizamide, giving an iodine concentration 
of 280 mg per ml—the same as Dimer-X. 

Assessment of the ease of injection, radiographic density 
and the quality of pictures in the two groups showed no 
significant difference. Patients were asked 30 min after the 
examination, whether they had any discomfort in the 
abdomen, and this was graded by the patient as in Table I. 

Metrizamide requires a short time to prepare before the 
examination, which is particularly disadvantageous if more 
contrast is needed during an examination, above that origin- 
ally prepared. The other disadvantage of metrizamide is its 
expense, but it may be that in the future cost per dose will be 
reduced. 

Apart from these disadvantages, we feel that both these 
contrast media are suitable for hysterosalpingography, and 
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TABLE I 


ABDOMINAL DISCOMFORT, AS GRADED BY PATIENT, 30 MIN 
AFTER THE EXAMINATION 














Dimer-X Metrizamide 
Severe 0 0 
Moderate 2 2 
Slight 6 7 
Nil 14 13 





that there is no difference between them with regard to 
quality of radiographs, ease of injection or peritoneal 
irritation. 
We are grateful to Nyegaard & Co. A.S., for providing us 
with the metrizamide for this study. 
Yours, etc., 
J. G. B. RUSSELL, 
B. G. MAGUIRE. 
Saint Mary’s Hospital, 
Whitworth Park, 
Manchester M13 OJH. 
(Received December, 1978) 





Book reviews 


Radiological Atlas of Biliary and Pancreatic Disease. By H. 
Baddeley, D. J. Nolan, and P. R. Salmon, pp. 218 illus., 
1978 (HM & M Publishers Ltd., Aylesbury) £18-00. 
ISBN 0-85602-054-0. 

The last few decades haye witnessed great advances in 
gastroenterology. Improved imaging techniques have played 
a large part in this and their impact has been especially great 
on diseases of the liver and pancreas. Many of the tech- 
niques, such as endoscopic retrograde cholangiopancreato- 
graphy, ultrasonography and computerized tomography, are 
new and not yet covered in textbooks. This atlas aims to fill 
the need for a book on the appearances of the biliary system 
and pancreas obtained both by the established and the 
newer techniques. The structure of the atlas is well con- 
ceived: it is divided into two sections, on the biliary system 
and on the pancreas. Each section has brief descriptions of 
the clinical presentation of the diseases followed by accounts 
of the radiological techniques available for their investiga- 
tion. Chapters on normal appearances and congenital 
abnormalities are followed by systematic accounts of the 
major groups of diseases. 

What then are the requirements of a radiological atlas 
and how well does this book fulfill them ? First, descriptions 
of the available irnaging techniques and of both the normal 
anatomy and common congenital variants are obviously 
needed. These are well covered. However, the inclusion of 
descriptions of scintiscanning, ultrasonography and com- 
puterized tomography appears strange when these tech- 
niques are not illustrated in the atlas (apart from four 
pancreatic CT scans). Second, each chapter starts with brief 
descriptions of the diseases illustrated. These are terse and 
to the point although the short references to treatment are 
probably unnecessary in a radiological atlas. However, the 
authors have defined the indications for each technique and 
the appropriate order of investigation. The authors’ bias 
sometimes shows through here! Many would disagree that 
ERCP is the investigation of first choice in a patient with 
bile duct cancer (p. 126). Third, an atlas must be compre- 
hensive, The authors have certainly achieved this, collecting 
together both common diseases and a fascinating array of 
rarities. Finally, the quality of reproduction of the pictures 
should be good-—it is. 

This book ably measures up to the requirements and only 
minor criticisms can be made. It fills the gap as a well-written 
atlas of the biliary system and pancreas and should be a 
popular reference book for both the gastroenterologist and 
the radiologist. 

J. A. SUMMERFIELD. 


Pathology in Computed Tomography of the Brain. By Scott 
D. Henderson, pp. xi- 197, illus.. 1978 (Charles C. ‘Thomas, 
Springfield, Ilinois), $17.50. 

This atlas of pathological lesions of the brain demon- 
strable by CT is intended to be a reference guide for all 
persons concerned with cranial computer assisted tom- 
ography. The author is the senior computer tomography 
technician at the Rush-Presbyterian-St. Luke’s Medical 
Center in Chicago. The book consists of 19 short chapters 
containing 800 illustrations of the CT appearances of the 
commoner lesions of the brain and orbits. Each chapter has a 
paragraph or two of introduction and the illustrations, six to 
a page, are accompanied by brief legends on most of the 
pages. The quality of the illustrations are, on the whole, 
fairly good but those intended to show a variety of orbital 
lesions are of rather poor quality. Disconcertingly, the first 
chapter on cerebral atrophy contains a series of illustrations 
with no legends and it is difficult for those unfamiliar with 
CT images of the brain to tell whether they show a series of 
scans of the same patient or selected levels from different 
patients. There are no illustrations of a normal CT exam- 
ination for comparison with the abnormal scans, This would 
help the atlas to fulfil its intended purpose, an introduction 
for beginners to this relatively new diagnostic method, 

Many of the legends for the figures are cryptic and a lot of 
space which could have been devoted to describing the 
images is wasted in over-elaborate acknowledgments to the 
sources of some of the material. The pages are numbered 
only at the beginning of each chapter which makes quick 
reference to a particular section rather difficult. 

The publishers state that this atlas will “greatly facilitate 
learning and will continue to serve the tomography tech- 
nician, resident and practising radiologist as a reference of 
unparalleled comprehensiveness and clarity”. 

Even when allowance is made for publishers hyperbole 
this has not been achieved nor, I am sure, was it the aim of 
the author to do so. Mr. Henderson is to be congratulated on 
his initiative in writing this atlas and for a good first try. 
Should a second edition be contemplated fewer illustrations 
of better quality, inclusion of a normal CT examination, a 
more lengthy introduction to each chapter and more lucid 
legends for the illustrations would greatly enhance its value 
as an introduction for both radiographers and trainee 
radiologists to cranial computer assisted tomography. 


T. D. HAWKINS. 
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Principles of clinical trials in cancer 


Abstracts of papers presented at a meeting of The British Institute of Radiology held on Thursday, October 19, 
1978 at the Institute House, 32 Welbeck Street, London W1M7PG. 


Surgical and clinical aspects of some clinical trials, by M. Baum. 


Comments on the feasibility, practicability and success rate of breast screening, by Audrey Tucker, 
Comments on the statistical approach and the interpretation of results, by K. D. MacRae. 


SURGICAL AND CLINICAL ASPECTS OF SOME 
CLINICAL TRIALS 


By M. Baum 
Welsh National School of Medicine 


Prospective randomized clinical trials are in their relative 
infancy but are an essential technique in the application of 
the scientific method to the treatment of cancer. By this 
technique not only is it possible to compare competing 
hypotheses concerning the disease, but by their scientific 
design there is inevitably a biological fall-out which teaches 
us more about the very nature of the disease under study, 
and hence enables us to evolve even more rational treatment 
programmes, Clinical trials for cancer can be conducted in a 
single centre or as a multi-centre collaborative programme. 
Single centre trials have the advantage of tight control, 
excellent data collection, and the possibility of complicated 
protocols, 

However, multicentre trials have the overwhelming ad- 
vantage in that they allow the rapid accrual of large numbers 
of patients, but by their very nature control may be less 
tight and only simple protocols are appropriate. The most 
important point to consider when planning a multicentre 
trial is the number of patients that are required to answer 
the question posed. For example, in setting up a trial that 
stands a 90% chance of picking up a significant difference of 
the order of say 10% (the power of the trial), at least 500 
patients will be required in each treatment arm. The 
recruitment and co-ordination of such enormous studies 
demands special expertise, and the expense of full-time 
co-ordinators and administrators. Protocols have to be 
carefully designed so that the question is clearly defined, the 
treatment modality carefully described, and the possibility 
of treatment interaction avoided. Examples were given 
concerning a variety of multicentre prospective trials in- 
vestigating the treatment of breast cancer, some of which 
have influenced current thought and management con- 
cerning this disease. Thus local therapy by whatever type of 
operation and covering a wide range of radiotherapy 
regimes has not influenced survival but may provide dif- 
ferent degrees of local control. 

New adjuvant trials to investigate chemotherapy or 
endocrine therapy at the time of mastectomy are under 
evaluation at the present, but the new problem arises in 
defining what is an optimum chemotherapy regime when 
dealing with micrometastases whose very presence and 
growth rate can only be guessed. Details concerning docu- 
mentation, randomization procedures and communication 
techniques were described, followed by discussion on the 
ethics of informed consent, and the timing of closing a trial. 
It is felt that in all honesty there is no such thing as true 
informed consent and that the attitude of the Medical 
Research Council on this issue is the most humane. 

American attitudes on this subject are not particularly 
relevant to British practice. Finally, the expense of running a 
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properly organized prospective trial was described. It has to 
be considered a very costly business which needs to be 
funded adequately. However, to keep the subject in per- 
spective, the cost of saving a life of a woman as a result of a 
wide scale screening programme would pay for at least one 
large scale multicentre trial, that would be likely to detect an 
improvement with a new treatment regime of the order of 
10%. This improvement extrapolated across the country 
could then save around 800 lives a year. 


COMMENTS ON THE FEASIBILITY, PRACTICABILITY 
AND SUCCESS RATE OF BREAST SCREENING 
By Audrey Tucker 
St. Bartholomew's Hospital, London EC I 


It is generally known that the commonest cause of death in 
women aged 40-65 from malignancy in England is car- 
cinoma of the breast. 

Methods of breast screening include self palpation, 
palpation by clinicians, thermography and X-ray mam- 
mography. Of these methods, mammography detects a 
much higher percentage of occult (not clinically overt) 
carcinomata. Such women have a much lower incidence of 
axillary node involvement, and detection prior to spread to 
axillary nodes is the only factor at present known to give a 
significantly better prognosis. Most of the cancers found are 
also smaller than those presenting as lumps. 

In the series from Lundgren (Sweden), 112 out of 129 
carcinomata found by X-rays had normal axillary nodes. In a 
series at present being undertaken in England, 23 out of 30 
women had no axillary lymph node involvement. 

Breast sensitivity to ionizing radiation is known to be 
much greater below the age of 35, and therefore screening 
should not start before this age. Any breast X-rays must be 
taken with the lowest irradiation dose compatible with good 
diagnostic films; compression helps to reduce the dose. 

There is no evidence at present, other than extrapolated 
estimates from very high (radiotherapy) dosages that mam- 
mography within the diagnostic range could cause breast 
cancer; but interval rather than annual mammography is 
probably advisable for normal women and those not in high 
risk groups. 

Mammography is easily performed, and not very expens- 
ive. However, with nearly nine million women in Britain 
between the ages of 40-65, many more radiologists than are 
available would be needed to interpret the films of a national 
screening programme. 


COMMENTS ON THE STATISTICAL APPROACH AND THE 
INTERPRETATION OF RESULTS 
By K. D. MacRae 
Charing Cross Hospital Medical School, London 


Only by the use of randomization can a clinical trial be 
validly said to be a controlled trial; randomization elim- 


inates allocation bias, ensures that the treatment groups # 
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tend to be balanced for predictor factors, and makes the use 
of statistical tests of significance valid (Byar et al., 1976). 

A useful clinical trial must also have an adequate number 
of patients to ensure that differences between alternative 
treatments that would be of interest to those in clinical 
practice are likely to be detected by the trial, Small clinical 
trials are of very limited value, whether or not they show 
significant differences between the treatments, because they 
allow only vague statements about the likely magnitude of 
the treatment differences to be made. When to stop a 
clinical trial often poses an ethical and scientific dilemma, 
and perhaps the only way of dealing with this problem is for 
the clinicians treating the patients to remain ignorant of the 
intermediate results and for a close scrutiny to be kept on 
the data by a suitably constituted group of assessors 
(Chalmers et al., 1972). 


It is also necessary that the question being asked in a 
clinical trial should not be wrongly put; examples of 
confounded comparisons have occurred in some major 
trials in the past, and factorial trials are almost unknown in 
the field of breast cancer. 
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The scientific basis of radiation protection 


Abstracts of papers presented at a Radiobiology Work-in-Progress meeting of The British Institute of 
Radiology held on October 20, 1978 in the Reid-Knox Hall, Institute House, 32 Welbeck Street, 


London W1M 7PG, 


An introduction to “The Scientific basis of radiation protection”, by R. H. Mole. 


Chromosome damage: the RBE of (d + T) neutrons from two different generators, by Gillian Clare, C. Oxby and B. Dixon. 

Low doses of neutron radiation and the frequency of satellite association complexes of human acrocentric chromosomes, by 
M.T. Khokhar, T. Min and J. A. Houghton. 

Accurate quantification of radiation-induced chromosome damage in human lymphocytes utilizing the harlequin-banding 


technique: implications for biological dosimetry, by D. Scott, C. Y. Lyons, J. R. Robinson and A. R. Currie. 

Fast kinetics of radioprotection by sulphydryl compounds in bacteria, by H. A. Harrop and B. D. Michael. 

Mechanisms of radioprotection by L-cysteine or cytosine arabinoside in mouse marrow, by J. L. Millar. 

A method for measuring the effects of plutonium 239 on cells in haemopoietic marrow, by E. R. Humphreys and V, A. Stones. 

An alternative bone model in the calculation of annual limits of intake for plutonium 239 compounds, by N. D, Priest. 

"The initial deposition and redistribution of plutonium 239 in the mouse skeleton: implications for rodent studies in plutonium 
239 toxicology, by D. Green, G. R. Howells and C. M. Thorne. 

Skin and eye irradiations-—-examples of some problems of implementing international recommendations in radiological 


protection, by M. W. Charles. 


The scientific basis for the ICRP’s use of linear extrapolation to obtain best estimates of the risk of radiation-induced cancer 


at low doses, by J. M. Brown. 


AN INTRODUCTION TO “THE SCIENTIFIC BASIS OF 
RADIATION PROTECTION” 


By R. H. Mole 
Afedical Research Council Radiobtolegy Unit, Harwell, Oxon 


Chemical agents reducing effects of radiation could well be 
called radio-resistizers (by analogy and in contrast with 
radio-sensitizers). Radiation protection is a misnomer for 
their action. 

Radiobiological protection is an activity maintaining con- 
ditions which minimize exposure to ionizing radiation. Its 
scientific basis is the field of knowledge, both facts and con- 
cepts, which allows risk to be defined quantitatively for any 
and every kind of exposure. Since human experience of 
radiation risk is limited to particular cases, the available in- 
formation has to be codified before it can be applied to other 
circumstances, absorbed dose providing the necessary link- 
ing concept. The effect of protraction (rather than physical 
dose-rate which is relevant to low LET radiation but not 
high LET radiation) and of radiation quality are the two 
main quantitative problems if the metabolic models in use 
for assessment of dose from “‘internal emitters” can be ac- 
cepted as adequate, but the non-stochastic concept of a 
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graded reduction in organ function requires much*more 
precise definition than [CRP has given it. Radiobiological 
experiments are of applied value only if they lead to defen- 
sible generalizations which are applicable to the human 
species. A system of radiological protection, because it must 
be simple enough for practical use, must also involve con- 
siderable simplification of inevitable biological complexity 
but simplification is a matter for judgement, not primarily of 
science. The increased emphasis on cost-benefit analysis in 
ICRP Publ. 26 (1977) demands a considerably increased 
effort if all the realistic risk estimates which are needed are 
to be provided. 
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CHROMOSOME DAMAGE: THE RBE OF (d-+-T) 
NEUTRONS FROM TWO DIFFERENT GENERATORS 


By Gillian Clare, C. Oxby and B. Dixon 


University Department of Radiotherapy, Cookridge 
Hospital and University Department of Medical Physics 
The General Infirmary, Leeds 


Human blood has been irradiated in vitro at 22°C with Co 
y rays at 1.5 Gy mint or 0.006 Gy min“, or with 14 MeV 
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neutrons given either continuously (Philips tube, 0.11 Gy 
min!) or in 15 psec pulses at a rate of two per second 
(Elliott tube, cumulative dose-rate of 0.006 Gy min-}). 
Metaphases from lymphocytes stimulated with PHA were 
scored either at the first division for gross chromosomal 
aberrations and ‘extra fragments’’, or for sister chromatid 
exchanges (SCE) after two divisions in medium containing 
5-bromode~-oxyuridine. 

After y-irradiation (0-8 Gy) the response for dicentrics and 
rings was composed of a linear and a dose-squared com- 
ponent. For “extra fragments” up to 3.0 Gy, and SCE’s 
(0-7 Gy), the response curves were linear. Cells were also 
irradiated with 3 MeV electrons at 306 Gy min-!, or 3 MeV 
X rays at 236 Gy min~ during each 2 usec pulse. The num- 
bers of dicentrics and rings were not significantly greater 
than those induced by y rays. 

After neutron irradiation, for gross chromosomal aberra- 
tions, “extra fragments” and SCE’s, all dose-response curves 
were linear. The RBE relative to ®Co y rays for gross 
chromosomal aberrations varied from 5.4 to 2.6 (0-0.8 Gy 
from the Elliott tube), which was about twice as high as the 
RBE obtained with the Philips tube (0-2.4 Gy), which 
varied from 2.9 to 1.4. The RBE, using neutrons from the 
Philips tube, for SCE’s was 2.3+4-0.5. The RBE, using 
neutrons from both tubes, for “extra fragments” was 2.1 -+ 
0.4. 

In conclusion, gross chromosomal aberrations appear to 
be a more accurate indicator of dose than “extra fragments” 
and both are four times more sensitive indicators of dose 
than SCE’s. 


LOW DOSES OF NEUTRON RADIATION AND THE 
FREQUENCY OF SATELLITE ASSOCIATION COMPLEXES OF 
HUMAN ACROCENTRIC CHROMOSOMES 


By M. T. Khokhar, T. Min and J. A. Houghton 


Cytogenetics Unit, Department of Microbiology, 
University College, Galway, Ireland 


‘The human acrocentric chromosomes may often be observed 
associated together or aligning themselves with their satel- 
lites directed towards each other and in close proximity. It 
has been suggested that this phenomenon of satellite associ- 
ation (s.a.) may be one of the determining factors in the 
causation of non-disjunction in man. Down’s syndrome, the 
most common human autosomal disorder, is usually caused 
by non-disjunction of chromosome 21. The incidence of 
Down’s syndrome has been found to be higher among the 
children of parents who have been exposed to ionizing radi- 
ation for radiotherapeutic or radiodiagnostic reasons. To 
determine whether irradiation leads to an increased inci- 
dence of s.a. and, therefore, an increased risk of chromosome 
non-disjunction, the frequency and patterns of satellite as- 
sociations in metaphase preparations of irradiated blood 
samples were investigated. Cobalt 60 gamma rays did not 
indicate a dose response effect on the frequency of s.a. of the 
acrocentric chromosomes (Khokhar et al., 1978). 

The effects of neutrons have also been studied. Blood 
samples were irradiated with Hammersmith neutrons giving 
doses of 0.04, 0.08, 0.16, 0.24, 0.48 and 0.96 Gy and the meta- 
phase preparations were G-banded. The metaphases were 
analysed to determine if there was any selective effect of 
neutron irradiation on the individual acrocentric chromo- 
somes participating in the formation of s.a. complexes. 
Analysis of the preliminary data indicates that chromosome 
13 associates with higher frequency than chromosomes 14, 
15, 21 or 22. 
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ACCURATE QUANTIFICATION OF RADIATION-INDUCED 
CHROMOSOME DAMAGE IN HUMAN LYMPHOCYTES 
UTILIZING THE HARLEQUIN-BANDING TECHNIQUE: 

IMPLICATIONS FOR BIOLOGICAL DOSIMETRY 


By D. Scott, C. Y. Lyons, J. R. Robinson and 
A. R. Currie 


Paterson Laboratories, 
Christie Hospital and Holt Radium Institute, 
Manchester M20 9BX 


The frequency of chromosome structural aberrations in 
peripheral blood lymphocytes of radiation-exposed indi- 
viduals is used in biological dosimetry by referring to dose- 
response curves constructed from in vitro exposure of blood 
samples. From the shapes of these dose-response curves, 
predictions are also made of the effect of dose-rate on aber- 
ration frequency and the mechanisms of aberration forma- 
tion. 

Lymphocytes must be examined at their first post-irradi- 
ation mitosis in order to quantitate accurately the chromo- 
some damage. Using the new harlequin-banding technique 
of bromodeoxyuridine (BUdR) treated cells we have shown, 
as have others, that the assumption of a pure first-division 
population after 48h of culture is erroneous; as many as 50% 
of cells may be in second division at this time. A further 
assumption which is made in using a 48h sample is that 
first-division cells at this time carry the same amount of 
damage as cells undergoing first division at other times, i.e. 
that the Go-irradiated lymphocyte population is homo- 
geneous in chromosomal radiosensitivity. This latter assump- 
tion has been shown to be correct by culturing irradiated cells 
in a BUdR-containing medium and sampling cells at various 
post-irradiation intervals. Correct dose response curves can 
therefore now be obtained over a wide range of sampling 
times by utilizing this technique and confining observations 
to non-harlequin-banded (i.e. first division) cells. 


FAST KINETICS OF RADIOPROTECTION BY SULPHYDRYL 
COMPOUNDS IN BACTERIA 


By H. A. Harrop and B. D. Michael 


Cancer Research Campaign Gray Laboratory, 
Mount Vernon Hospital, Northwood, Middlesex HAG 2RN 


We have used a fast mixing and irradiation technique, the gas 
explosion method, to resolve some of the processes by which 
serratia marcescens chemically repairs radiation-induced 
oxygen-dependent damage. The kinetics of the decay of 
damage (i.e. its chemical repair) display fast and slow stages. 
These are well fitted by a model in which there are two com- 
ponents of damage, each repaired as an exponential function 
of time, but differing in repair rate by a factor of ten. In the 
present work the interaction of these components with the 
sulphydryl radioprotector dithiothreitol (D'TT) has been 
examined. The addition of DT'T was found to increase the 
rates of decay of both the fast and the slow components of 
damage. Four concentrations of DTT were tested in the 
range 0.5 to 5.0 mM and it appeared that the increase of fast 
and slow decay rates were proportionately the same at each 
concentration. A linear relationship was found between 
DTT concentration and repair rate. The reaction rates of 
DTT repair were determined to be 3.6 and 0.36» 10% dm 
mol-!s-1 for the fast and slow components respectively œ 
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assuming that the intracellular and extracellular concentra- 
tion of DTT are equal. These rates are comparable with, 
although somewhat slower than, those that have been deter- 
mined for free radical repair by DTT using the pulse radi- 
alysis technique (Redpath, 1973). 

When the bacteria were pretreated and irradiated with the 
sulphydryl binding agent, N-ethylmaleimide (NEM), the 
lifetimes of both components were decreased by at least a 
factor of two. The effect of the NEM on the lifetimes of the 
oxygen-dependent damage could be reversed by adding 
glutathione to the previously NEM-treated bacteria. 

It was thus possible to increase or decrease the rate of 
repair of serratia marcescens by augmenting or depleting the 
pool of reducing substances in the cell. 


REFERENCE 
Repearu, J. L., 1973. Pulse radiolysis of dithiothreitol. 
Radiation Research, 54, 364-374. 


MECHANISMS OF RADIOPROTECTION BY L-CYSTEINE OR 
CYTOSINE ARABINOSIDE IN MOUSE MARROW 


By J. L. Millar 
Institute of Cancer Research, Sutton, Surrey 


Mice given 1000 rad total body irradiation die 10 to 14 days 
later as a result of reduced output of essential blood elements 
from the bone marrow. If, however, the animals are given 200 
mg/kg cytosine arabinoside (ARA-C) two days before radi- 
ation the animals survive. The improved survival results 
from a more rapid recovery of peripheral blood elements in 
pretreated mice. This suggests that the vital bone marrow 
stern cells which produce these cells are protected by ARA-C 
pretreatment. This is not the case, however, as ARA-C 
pretreatment does not alter the radiosensitivity of the stem 
cells, It is the subsequent recovery of the stem cells in ARA- 
© pretreated animals that is altered, In animals receiving 
radiation alone, there is a post irradiation lag phase of several 
days during which there appears to be no increase in haemo- 
poietic stem cell number. ARA-C abolishes this lag phase 
and recovery of the stem cells begins immediately after the 
irradiation, 

This is in contrast to the mechanism by which cysteine 
protects animals. This compound produces a genuine dose 
reduction effect, so more cells survive irradiation, These 
surviving stem cells show no evidence of enhanced recovery 
and follow the pattern of regeneration in the irradiated con- 
trols, We conclude, therefore, that there is a qualitative dif- 
ference in the ways in which ARA-C and cysteine protect 
animals from a large dose of radiation that would normally 
prove lethal. 


A METHOD FOR MEASURING THE EFFECTS OF 
PLUTONIUM 239 ON CELLS IN HAEMOPOIETIC 
MARROW 





By E. R. Humphreys and V. A. Stones 
MRC Radiobiology Unit, Harwell, Oxon OX11 ORD 


A technique is described which is being used to investigate 
whether the plutonium which deposits on the endosteum in 
bone irradiates those marrow cells involved in the early stage 
of haemopoiesis. 

Mice were given about 300 Bq ?Pu intravenously and 
injected three days later with 550 kBq [}?51]-5-iodo-2’- 
deoxyuridine. The !*9]-labelled marrow cells harvested from 
the femur shafts of these donors after 24h are then injected 
into lethally irradiated (10 Gy X rays) syngeneic hosts. The 


æ activity in the }°5]-labelled colonies established in the 


spleens of the hosts is then measured at intervals over 
several days and the results analysed to give a measure of 
haemopoietic stem cell numbers in the injected marrow cells 
(Siegers et al., 1979). 

Preliminary results comparing !°5I activity in spleens 
measured six and eight days after transplantation of cells 
from control and 2%%Pu-treated donors showed that an 
absorbed dose of about 0.1Gy depressed marrow cell num- 
bers two or threefold. 
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AN ALTERNATIVE BONE MODEL IN THE CALCULATION OF 
ANNUAL LIMITS OF INTAKE FOR PLUTONIUM 239 
COMPOUNDS 


By N. D. Priest 
National Radiological Protection Board, Harwell, Oxon 


Annual limits for the intake (ALI) of ?39Pu are calculated 
by Committee 2 of ICRP using a dosimetric model which 
incorporates a skeletal model for bone surface seeking radio- 
nuclides (ICRP, 1979). The skeletal model assumes pluto- 
nium is evenly deposited as an infinitely thin layer over bone 
surfaces and retained with a half-time of 100 years. This 
model is conservative because it takes no account of the 
burial of plutonium during bone remodelling. This burial 
greatly reduces the amount of a-energy absorbed by the sen- 
sitive cells in the skeleton. Consequently, the ALPs cal- 
culated using the ICRP bone model are unnecessarily 
restrictive. 

For the present paper ALI’s have been calculated using a 
multicompartment skeletal model which allows for pluto- 
nium burial and recycling (Priest and Hunt, 1978). In one 
compartment of this model, the growing surfaces of cortical 
bone, it is assumed that plutonium deposits are retained and 
are not subject to recycling. In other compartments pluto- 
nium is taken to be resorbed with subsequent redeposition 
on to bone surfaces or retention in the bone marrowe The 
calculations made using this model suggest that 750 Bq 
(20 nCi) is an appropriate ALI for the inhalation of pluto- 
nium compounds and that 830 kBq and 5 MBq (23 pCi and 
136 pCi) are the appropriate ALI’s for the ingestion of 
soluble and insoluble forms of plutonium respectively. These 
ALI’s are 1.5-3.0 times less restrictive than the ALI’s which 
will be published by Committee 2 of ICRP. 
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THE INITIAL DEPOSITION AND REDISTRIBUTION OF 
PLUTONIUM 239 IN THE MOUSE SKELETON: 
IMPLICATIONS FOR RODENT STUDIES IN 
PLUTONIUM 239 TOXICOLOGY 
By D. Green, G. R. Howells and M. C. Thorne 
MRC Radiobiology Unit, Harwell, Oxfordshire, OX11 ORD 


Using neutron-induced autoradiography together with com- 
puter-based methods of data reduction (Green et al., 1977) 
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the distribution of 78°Pu about the endosteal and periosteal 
surfaces of bone can be measured with a resolution of -+ 2.5 
pm. Our studies show that in the female CBA mouse the 
239Pu penetrates up to 20 zm into the bone 24 hours after 
intravenous injection of monomeric 22°Pu-citrate. 

Studies on the ilium demonstrate that after this period of 
initial deposition the 28%Pu is gradually redistributed 
throughout the bone and its included marrow. It is sug- 
gested that the burial of 23°Pu in bone is governed entirely 
by the process of bone accretion and that its long term reten- 
tion in marrow is in fixed tissue macrophages. 

Blood flow experiments using !8F have also been per- 
formed. These suggest the hypothesis that the initial deposi- 
tion of ?39Pu in the various bones of the skeleton can be 
accurately predicted from a knowledge of the surface-to- 
volume ratios of these bones and the blood flow to them. 

It is pointed out that if ?39Pu deposition in the skeleton is 
governed by blood flow to and morphological character- 
istics of the bones and if its redistribution is governed 
entirely by mechanisms of bone turnover, it should be pos- 
sible to construct a satisfactory physiological model of 239Pu 
deposition and redistribution in the human skeleton from 
clinical data which are already potentially available. 
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SKIN AND EYE IRRADIATIONS-—EXAMPLES OF SOME 
PROBLEMS OF IMPLEMENTING INTERNATIONAL 
RECOMMENDATIONS IN RADIOLOGICAL PROTECTION 


By M. W. Charles 


CEGB Berkeley Nuclear Laboratories 
Berkeley, Glos. GL13 9PB 


Publication 26 of the International Commission on Radio- 
logical Protection (ICRP, 1977) provides a rationalized radi- 
ation protection system, through the use of up-to-date 
stochastic risk factors, which avoids some of the inconsist- 
encies of earlier recommendations. It has introduced the 
concepts of stochastic and non-stochastic phenomena and 
the evaluation of detriment rather than just lethality as a 
measure of harm. These concepts will no doubt continue to 
evolve as the ICRP’s recommendations have done in the 
past, 

Some areas where further discussion and experimental 
radiobiology would be pertinent are sometimes apparent to 
the health physicist who applies international recommend- 
ations in operational situations. In practice, for example, the 
skin may sometimes be subjected to non-uniform irradiation 
with radioactive sources of dimensions from several centi- 
metres down to a few microns. Peak dose rates in the basal 
layer may be several tens of Gy h~ but, due to the spatial 
non-uniformity of the exposures, the mean dose rate over 
some arbitrary area such as 1 cm? may be several orders of 
magnitude less. The outcome of such exposures is not well- 
known and ICRP 26 (para. 183) gives little guidance on their 
treatment. Whole-body skin exposures are limited, by non- 
stochastic effects, to life-time dose equivalents of 20 Sv 
(2000 rem); skin is considered to be much less liable to 
develop fatal cancer than other tissues (ICRP 26, para. 63). 
However, since the incidence of skin cancer may not be 
negligible (Shore et al., 1976), and since its magnitude is 
presumably required for the evaluation of detriment, stoch- 
astic effects in skin should not be altogether forgotten. 

Evaluation of detriment is, however, complex and a case 
can be made for considering basal cell carcinoma as a pseudo 


non-stochastic effect, much as Malone (1978) has suggested 
for benign neoplasia in the thyroid. In the case of the eye the 
annual maximum permissible dose has been increased from 
0.15 to 0.3 Sv (15-30 rem). A lifetime dose-equivalent of 15 
Sv (1500 rem) is considered to be below the threshold for 
cataract induction (ICRP 26, para. 61). This value appears 
to leave little, if any, margin of safety compared with the 
threshold doses indicated in some clinical studies with low 
and high LET radiation (Merriam et al., 1972; Roth et al., 
1976). The extent of sparing for protracted cataractogenic 
exposures remains an important parameter for continued 
study. 
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THE SCIENTIFIC BASIS FOR THE ICRP’S USE OF LINEAR 
EXTRAPOLATION TO OBTAIN BEST ESTIMATES OF THE 
RISK OF RADIATION-INDUCED CANCER AT LOW DOSES 


By J. M. Brown 


Stanford University and 
MRC Unit of Clinical Oncology and Radiotherapeutics 
Hills Road, Cambridge 


In its latest recommendations on radiation protection, the 
International Commission on Radiological Protection has 
published estimates of the risk of developing cancer folowing 
low doses and dose rates of radiation (ICRP, 26, 1977). 
These are to be considered ‘best estimates” of the risk at 
low doses, and as such represent a break from the traditional 
view that risk estimates derived from linear extrapolation 
are likely to overestimate the real risk at low doses. 

The basis for this judgement is that the shape of the dose 
response curve at low to moderate doses is likely to be of the 
orm: 


E=aD-~- bD 


where Æ is the effect at dose D and “a” and “b° are con- 
stants. To derive values of a/b (dose at which the linear and 
quadratic terms contribute equally to the response), it is 
assumed that the initiating event for radiation carcinogenesis 
is a somatic mutation. A summary of the values of a/b ob- 
tained for mutations and 2-hit chromosome aberrations in 
the literature shows that they cluster around 100 rad for 
mammalian cells. Thus, if this applied to cancer induction 
the dose-response curve would be predominantly linear 
from 0 to 100 rad. An analysis of risk estimates for radiation- 
induced cancer in man supports this prediction. 


REFERENCE 
ICRP, 1977. Recommendations of the International Com- 
mission on Radiological Protection. Annals of the ICRP, 
Publication 26. 
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Forthcoming events and other notices 


The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and its associated bodies on the basis of charging at £1:00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(e. April 20, for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 32 Welbeck 


Street, London W1M 7PG. 


CONVERSAZIONE 
‘The British Institute of Radiology Conversazione will be 
held at the new Royal College of Radiologists house at 
38 Portland Place, London on May 16, 1979. 
Further information from the General Secretary, The 
British Institute of Radiology, 32 Welbeck Street, London 
WIM 7PG (01-935 6237), 


CONTAINING LABORATORY HAZARDS 

A conference to be held on May 16, 1979 at the Kensing- 
ton Palace Hotel, London W8. The distinguished panel of 
speakers includes Clive Jenkins, General Secretary of the 
ASTMS, and other experts in the field of safety and health. 
‘They will highlight the practical problems and solutions to 
laboratory safety. Details from European Study Confer- 
ences Led, 31 High Street, East Uppingham, Rutland 
LES 9PY. 


Mackenzie Davipson MEMORIAL LECTURE 
To be given by Dr. G. B. Schofield, Medical Officer, 
British Nuclear Fuels Ltd., on Biological control in a 
plutonium production facility at The British Institute of 
Radiology, 32 Welbeck Street, London W1 on Thursday, 
May 17, 1979. 


PAEDIATRIC RADIOLOGY 

A two-day course in diagnostic paediatric imaging will be 
held at the Institute of Child Health, Hospital for Sick 
Children, Great Ormond Street, London WC1 on May 
17-18, 1979, The main theme of this course will be the 
thorax. 

Further details and application forms are available from 
The Secretary, Department of Paediatric Radiology, The 
Hospital for Sick Children, Great Ormond Street, London 
WCIN 3]N. 


POSTGRADUATE WEEKEND Course IN RADIOTHERAPY 
AND ONCOLOGY 
A meeting organized by the Royal College of Radiologists 
to be held on Saturday, May 19, 1979 at the Edward Lewis 
‘Theatre, Medical School, Middlesex Hospital, London. 
Further information fromm the Royal College of Radiol- 
ogists, 38 Portland Place, London WIN 3DG, 


INTERNATIONAL SYMPOSIUM ON INTERVENTIONAL 
RADIOLOGY 

An EAR Symposium, organized by the Portuguese 
Society of Radiology and Nuclear Medicine, will be held 
May 30~—June 2, 1979 in the Algarve, Portugal. 

Proposed sessions include vascular therapy; selective em- 
bolization and management; catheter implantation in 
chemotherapy and percutaneous treatments; ultrasonic 
guiding techniques and nuclear imaging as a guiding tech- 
nique for biopsy and fluid aspiration. 

For further information contact the Portuguese Society of 
Radiology and Nuclear Medicine, 123, 1.° Esq., Avenida 
Elias Garcia, Lisbon 1, Portugal. 


NUCLEAR CARDIOLOGY 
A workshop organized by the Nuclear Medicine Com- 
mittee of The British Institute of Radiology to be held on 
w June 20, 1979 at St. Bartholomew’s Hospital, Gloucester 


House, Little Britain, London EC}. Anyone wishing to 
make a presentation should contact Dr. K. E. Britton, St. 
Bartholomew’s Hospital. 

Further information regarding this meeting can be ob- 
tained from the General Secretary, The British Institute of 
Radiology, 32 Welbeck Street, London WIM 7PG (01- 
935 6237). 


EUROPEAN SYMPOSIUM ON RADIOPHARMACOLOGY 

To be held at Noordwijkerhout (The Netherlands) June 
21-23, 1979. 

This symposium will be held under the auspices of The 
European Nuclear Medical Society, The Society of Nuclear 
Medicine (Die Gesellschaft fiir Nuklearmedizine) and The 
Department of Nuclear Medicine Rotterdamsch Radio- 
Therapeutisch Instituut, Groene Hilledijk 301, 3075 EA 
Rotterdam, Head of the Department: Dr. P. H. Cox. 

Sessions will be held on ionic tumour localizing radio- 
pharmaceuticals, technetium Hida derivatives for liver 
function investigations and technetium skeletal scanning 
reagents. 

Early registration is recommended as participation will be 
limited to 200 participants. 

For further details and registration please contact: Dr. P. 
H. Cox, Head of Department of Nuclear Medicine, 
RR.T.I. Rotterdam: Groene Hilledijk 301, 3075 EA 
Rotterdam, The Netherlands. 


201tH SUMMER SCHOOL IN HEALTH Puysics 
This course being held July 2-13, 1979, provides a broad 
background in the subject and is particularly suited to those 
carrying responsibilities for radiological protection in gevern- 
ment, industry, hospitals and education. 
Details from Dr. H. D. Evans, Health Centre, Imperial 
College, London SW7 2AZ. 


IV EUROPEAN CONGRESS OF RADIOLOGY 

The IV European Congress of Radiology will take place 
in Hamburg (German Federal Republic), September 4-8, 
1979, 

Scientific programme: 
diagnostic research of organs of the upper abdomen; 
diagnostic research in nuclear medicine: organs of the upper 
abdomen; 
radiotherapy in tumours of the genital system of males and 
females; 
radiobiology and X-ray protection (combined therapies and 
risks of ray exposure); 
radiophysics and techniques (methodical problems in diag- 
nostics and in planning of radiotherapy). 

Enquiries: Secretary of the IV European Congress of 
Radiology, Postfach 10 64 07, D-2000 Hamburg 1, 
Federal German Republic. 


QUANTITATION OF TUMOUR RESPONSE: A CRITICAL 
APPRAISAL 
The L.H. Gray Conference will be held in Cambridge, 
England, during the week of September 10-14, 1979, The 
topics of the meeting are intended to stimulate a critical 
appraisal of the techniques that are currently in use both 


428 


May 1979 


Forthcoming events 


experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
In situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies. 
Factors of prognostic significance. 
In vitro assays of tumours excised after treatment in vivo. 
The choice of suitable experimental models in rodents. 
The role of human tumour xenografts. 
Statistical evaluation of tumour response data. 
The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in sttu 
response. 

Further information from Dr. J. Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


3RD POSTGRADUATE COURSE IN RADIOLOGY 

To be held in Verona, October 3-6, 1979 on kidney 
radiology. 

The following subjects will be treated: renal malforma- 
tions: specific infectious diseases; non-specific infectious 
diseases; renovascular hypertension; renal traumas; renal 
tumours; ureteropelvic junction diseases; renal calculi and 
obstructive syndrome; renal failure; renal transplantation; 
extra-renal involvement of renal pathology. 

Registration fee 65000 Italian Lire (by May 31, 1979) 
after this date: 100000 Italian Lire. 

Secretary: Radiology Department, University Hospital, 
Verone, Italy. 


51H INTERNATIONAL CONGRESS OF THE INTERNATIONAL 
RADIATION PROTECTION ASSOCIATION 
Will take place in Jerusalem, Israel, March 9-14, 1980. 
The scientific programme of the Congress will cover all 
aspects of radiation protection with emphasis on its central 


Book review 


theme: radiation protection—a systematic approach to 
safety. 

Free papers are invited and the deadline for abstracts is 
May 15, 1979. 

An interesting programme has been planned including a 
commercial exhibition and pre- or post-congress workshaps 
and Professional tours. 

Social events and a programme for accompanying persons 
have been organized. 

For further information: The Secretariat, 5th Inter- 
national Congress of IRPA., PO Box 16271, Tel Aviv, Israel. 


SYMPOSIUM ON SPINE AND ITs CONTENTS 

EAR “Symposium Vertebrologicum’” (Spine and its 
Contents) will be held from April 23-25, 1980 in Prague, 
Czechoslovakia. 

The subjects of this symposium will be recent advances 
and experiences in: 
(a) Equipments and investigative methods of spine and 

spinal cord. 

(b) Radioanatomy and physiology of spine and spinal cord. 
(c) Radiodiagnosis of pathological conditions. 
(d) Interventive (diapeutic) radiodiagnostic methods. 

For further information contact (not later than June 
1979): The secretariat of “Vertebro 1980”, PO Box 88, 
Sokolská 31, 120 26 Praha 2, Czechoslovakia. 


XV INTERNATIONAL CONGRESS OF RADIOLOGY 

The XV International Congress of Radiology will take 
place June 24-July 1, 1981 in Brussels, Belgium. 

The scientific activities of the Congress as well as the 
scientific and technical exhibitions will take place in the 
Brussels Exhibition Centre. 

Further information from: Secretariat ICR-81, Ave. 
Winston Churchill 234B-Box 16, B-1180 Brussels, Belgium, 


The veins of the posterior fossa: normal and pathologic 
findings. By A. Wackenheim and J. P. Baurn. pp. xi+157, 
illus., 1978 (Springer Verlag, Berlin, Heidelberg, New 


York), DM136/$68. 
ISBN 3-540-08337-5. 


This work presents a review of the anatomy of the 
posterior fossa veins followed by an analysis of the dis- 
placement, which may be caused by masses in various 
situations as well as changes associated with other pathol- 
ogies. The brief text is supplemented by extensive and up-to- 


date references to the literature. 


The book is extensively illustrated with well selected 
subtraction angiograms supplemented with photographs 
and radiographs of anatomical specimens and by line 
drawings and other diagrams. These make the book a good 
teaching atlas of interest to all involved in the neurological 
sciences but of special value to students of neuroradiology. 


B. KENDALL. 
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Origins of Human Cancer. Edited by H. H. Hiatt, J. D. Watson and J. A. Winsten, 1977 (Cold Spring Harbor 


Laboratory), $45.00. 


Book A. Incidence of Cancer in Humans. pp. xxvi + 602. 

This is not a book for detailed review. It contains 42 
rather varied papers of various lengths about cancer and 
geography, genetics, occupation, industrial, agricultural and 
medicinal chernicals, radiation and diet. The contributors 
are all well-known and their contributions often quite pre- 
dictable which is not also to say that they are always quite 
reliable. Many papers were without conclusions and often, 
pace the title, were not about human cancer incidence at all 
but about the possibility of it. There was a considerable 
emphasis sometimes on the hypothesis that compounds 
found to be mutagenic in bacterial or other test systems will, 
or must, be carcinogenic in man, whether or not there is 
positive human evidence. Pollution of drinking water 
appeared unimportant but a large fraction of naturally 
occurring cancers may be attributed to aspects of “‘life- 
style”, particularly foodstuffs and diet (as well, of course, as 
smoking). In contrast, chernical agents, whether in occupa- 
tional exposure or in medicinal preparations, seemed quanti- 
tatively much less important except in individuals receiving 
high dosages. 

The Conference Proceedings includes two more vol- 
umes of similar size on Mechanisms of Carcinogenesis 
and Human Risk Assessment. All this took seven consecu- 
tive days to tell before over 250 participants. The editors’ 
preface says the programme was very, very full, the breadth 
of disciplines exceptional (even including policy analysis and 
news media), and the bringing out of the books an even more 
major task than envisaged, The initial and laudable premise 
was that cancer prevention has received much less attention 
than it deserves. Whether publication at length and in this 
form is an appropriate response can be questioned. Richard 
Doll’s charactertstically lucid and masterly introductory 
chapter summed up the essentials. 

R. H. Movs. 


Book B. Mechanisms of Carcinogenesis, pp. to 1303. 

This book is, one gathers (there is no foreword or intro- 
duction), the second of a three volume account of a meeting 
at Cold Spring Harbor (U.5.A.) on the Origins of Human 
Cancer, It is a collection of papers given at that meeting and 
is divided into six sections, The first (section 9 of the three 
volumes) deals with electrophilicity, the second deals with 
factors which modify carcinogenicity, the third deals with 
aryl hydroxylase genetics, the next section deals with 
damage to DNA and its repair and the last two sections deal 
with DNA and RNA viruses. 

The book opens with an excellent chapter by the Millers 
on the fundamental physico-chemical properties of muta- 
gens and carcinogens and their interrelationship. It also 
deals in an extremely lucid way with the Millers’ concept of 
metabolic activation of these agents from their inactive 
precursors. 

It would be invidious to pick out any of the chapters 
which follow for special mention since they are all of an 
enormously high standard and should be required reading 
for anyone who either makes decisions on carcinogenicity of 
compounds or engages in research on them. Nevertheless 
this reviewer found the chapter by Rajewsky to be of great 
significance since it describes in detail the organ specificity 
that may be expressed by one carcinogen and the con- 
clusions which can be drawn from such high organ speci- 
ficity. There is also an excellent review of the concept of 
immunological surveillance by Stutman which puts into 


critical perspective the arguments for and against this con- 
cept which held sway for a decade but is now frayed at the 
edges. 

The book can be highly recommended not only to those 
engaged in research on carcinogenesis but to all those who 
have pretentions to understanding cancer biology. 


K. HELLMAN. 


Book C. Human Risk Assessment. pp. to 1888. 

It is understandable that the reader of this journal, who 
may spend much of his time diagnosing or treating human 
cancer, should have more than a passing interest in the 
causes of this group of diseases. In 1976 the Cold Spring 
Harbor Laboratories held an international meeting which 
attempted to cover the whole area of the origin of human 
cancer, with the emphasis throughout on prevention. The 
proceedings of the meeting run to nearly two thousand pages 
in three volumes, The first volume focuses on the environ- 
mental factors believed to be reponsible for most cancer; the 
second looks in detail at the mechanisms involved. The 
third, under review here, is devoted to the assessment of 
cancer risk for man from a knowledge of mechanisms and 
laboratory studies. 

The book unfortunately disappoints in that it clearly 
shows that human risk assessment at the present time is 
difficult if not impossible. Several speakers discuss the 
severe limitations of carcinogenicity tests in animals. The 
recently developed short-term tests for carcinogens are 
little better as quantitative predictors. These tests, which 
depend on the fact that the majority of known carcinogens 
are DNA damaging agents either directly or after metabolic 
activation, have resulted in a breakthrough in our ability to 
detect potentially hazardous chemicals in the environment 
and their use is well documented by several authors. Some, 
however, would go further and suggest that a quantitative 
correlation may exist between mutagenicity for bacteria and 
carcinogenicity for mammals. As recent correspondence in 
the pages of Nature testifies, it will be no easy matter to con- 
vince toxicologists that this correlation is anything ‘more 
than a crude approximation, if indeed it exists at all in a 
quantitative form. Nevertheless it is right that it should be 
studied since it may lead in time to more realistic ways of 
assessing risk. 

The difficulties currently faced by regulatory authorities 
are clearly shown in the transcripts of three public policy 
panels in which the Food and Drug Administration and the 
Environmental Protection Agency defended their contro- 
versial handling of diethylstilboestrol, cyclamates and di- 
eldrin, all suspected of presenting a human risk at current 
usage levels, 

Although most human carcinogens are DNA damaging 
agents it is by no means established that the major en- 
vironmental factors leading to cancer are actually carcinogens 
of this type, as is pointed out in a first rate paper by Peto. 
Indeed resolution of this problem is one of the most im- 
portant tasks confronting us in preventive cancer research. 
In contrast to that by Peto, most papers in this book could 
be described as being low on thought and amounting to 
little more than restatements of already well known posi- 
tions. It is time that the profession got to grips with the 
problem of carcinogenic risk assessment. It is a task that will 
need co-operation between the epidemiologist and the 
laboratory worker, for neither is likely to succeed in isolation. 

B. A. BRIDGES. 
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Ultrasound of gynecology and obstetrics | 

Advances of oto-rhino-laryngology 

Experimental radiological health physics 

Clinical radiology of the ear, nose and throat 

The mediastinum. Radiologic correlations with anatomy and pathology 
Atlas der Nierenangiographie 

Motilität der oberen Harnwege. Radiologische Diagnostik und Literaturitbersicht 
An atlas of radiological anatomy 

A study guide for radiologic technologists 

Radiological atlas of biliary and pancreatic disease 

Pathology in computed tomography of the brain 

The veins of the posterior fossa: normal and pathologic findings 


Origins of human cancer. Book A. Incidence of cancer; Book B. Mechanisms of carcinogenesis; 
Book C. Human risk assessment 
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Computers in the Control of 
Treatments Units 


* The British Institute of Radiology: Special Report No 16, March 1979 


by R. E. Bentley, A. L. Bradshaw, C. A. F. Joslin, W. J. Redmond, M. E. Rosenbloom, 


B. J. Scholl-Evans, J. B. H. Stedeford and R. C. Tudway. 


Digital computers are being used very successfully in radiotherapy dose computation. This report deals 
with another, at present less highly developed, application of computers, the provision of some degree of 


automation at the point of treatment. Drawing on their own practical experience, on information from 
manufacturers and on the relatively sparse literature on this topic, the authors analyse the reasons for 
wishing to introduce some automation, discuss suitable techniques and procedures and make specific 


by the British Institute of Radiology Working Party on “Applications of Modern Technology in 
Radiotherapy.” 


The report should be of interest to all those concerned as users, designers or manufacturers with 
future developments of radiotherapy apparatus. 


Ordersto: 
The British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 


or through your bookseller Price: £2°40 


ISSN 0306-2120 
ISBN 0-905749-04-9 





recommendations. Practical problems in implementing such control systems, including the need to gain 
acceptance from those operating the equipment and from those being treated, are carefully considered. 


The authors were of a multidisciplinary Task Group, convened by Dr. Roy Bentley, which had been set up 
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The multi-purpose Siregraph B x-ray table 
combines the latest Siemens cost effective practice 
with the most up-to-date and versatile developments in 
x-ray technology. 

The Siregraph B is a fully automatic table of 
compact dimensions designed to facilitate easy 
patient access and with the following principal 
features: 

@ Explorator—with exceptionally large cassette 
program. 

@ 90°-0°-20° indexing positions plus a full range of 
table-top movements in the longitudinal and lateral 
planes. 


@ Extensive tube/explorator excursion with parallax 
compensation for oblique angulations. 

@ Tomography facility in all angulations. 

@ Accepts up to Sirecon 2 30H triplex image intensifier 
and 70/100mm cameras. 

The Siregraph B accommodates a swivelling x-ray 
tube, ideal for recumbent emergency radiography 
while allowing free access to the patient from all sides. 
Indexing positions at 0°, 90° and 180° ensure 
reproducible radiographic settings. 

Siemens Ltd, Medical Group, Siemens House, 
Windmill Road, Sunbury-on-Thames, Middlesex, 
TW16 7HS. Tel: Sunbury (09327) 85691. 


In the world of remote control 
Siemens has the answer. 


Ute 


Common Bile Duct and Hepatic Ducts. Patient has car d the Pancreas. Po! 
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Nothing saves time like Polaroid 
instant photography. 

You can have a fully developed 
picture for diagnosis from your CRT 
monitor in seconds. 

For sheer convenience, too, 
there’s no better way. You don’t need 
developing and printing equipment. 
You don’t need a darkroom or 
chemicals. You don’t even have to 
leave the patient. Everything is taken 
care of by the self-processing film. 

Part of our film’s convenience is 
that you know instantly whether the 
picture you've taken is exactly right 











diagnostic details. 
Instantly. 


can retake it on-the-spot while the 
patient is still in place. 

Polaroid self-developing films 
have the sensitivity, resolution, 
exposure latitude and grey scale 
capability to deliver excellent 
diagnostic photographs. 

And one more thing —we offer 
you more than the speed, con- 
venience and quality of our films. 
Our Technical Assistance is as close 
as your telephone. 

For more information fill in the 
coupon below or dial 100, ask for 
Freefone 2143 and speak to 


for your diagnostic needs. If not,you Ray Taylor. 

am Polaroid (UK) Limited, Medical Products Sales, Ashley Road. St. Albans, Herts. ALI 5PR. BJR3 l 
| Telephone: St. Albans 59191. C] Please send me more information on Polaroid Instant Medical Films. | 
| D Please arrange for a Technical Specialist to call. i 
i NaMe D eee Address l a a i 
l Position ot So eee eee 5 e l 
I l 
| Discipline for which you would like | 
| specific recording information, | 


A rapid and precise 






OPTASCOP 


from 





surgical X-ray system 
with high-resolution TV 





The streamline design for the CGR Optascop 


increases the range of applications in surgical 
radiology. Easier manipulation and greater mobility 
by steering castors allow precise positioning from the 
simplified control panel. 

A complete mobile high-definition intensifier 
unit equipped with a TV camera and separate 
trolley-mounted monitor. 

The dual focus x-ray tube with remote 
controlled collimator provides for radiography and 
fluoroscopy up to 100kV. The x-ray tube — intensifier 
TV movements are motor driven. 

Optional extras are dose reduction pulsed 


fluoroscopy, and taped memory facility. 


Full details and specification from 


CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middx. Tel: 01-890 8166 


here’s far more 
to ILFORD... 





You'll know them for their X-ray products. 


Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry-even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs—all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 


ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 


R o European Seminar on 


> Computed Tomography 


£ A in Oncology 


A symposium for oncologists, physicists and 
radiologists will be held in London England from 
4-7 February 1980 


Proposed Topics: 


Primary Diagnosis 
Staging 


Radiotherapy Treatment. 
Planning 


Measurement of 
Therapeutic Response 


Tissue Characterisation 


Information and application forms from:- 


Organising Secretar 


owns Road Sutton 
Surrey SM2 SPT ENGLAND 


e AMX means more power 
to your elbow 


Just press the control handle and effortlessly 
guide the AMX to where you need it. Cardiac. 
Accident. X-ray. Paediatric. Over good or 
bad surfaces, thresholds, inclines orin 
lifts. And when you stop, the AMX locks 
securely for powerful, accurate work. 

The AMX is self powered by a 
specially developed 120v battery pack 
storing 10,000 mAs at100kVp. Power 
that can drive the AMX for over a mile 
and still give you fully developed 
exposures. Occasional recharging 
in a normal 13 amp socket keeps the 
AMX fully powered. 

AMX brings a new standard of 
film quality into mobile x-ray- 
but don’t take our word forit. 

Let us show you how an AMX can 
help you-and give you more power 
to your elbow. 


AMX MOBILE RAY SYSTEM 


the name that's getting around 


USA 
INTERNATIONAL GENERAL ELECTRIC COMPANY OF NEW YORK 
worldwide leaders in x-ray technology 


DN DD i ts (OP) IO) 
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GET MOBILE IN ’79 


Our range is wide, prices are reasonable 
performance outstanding and delivery is good: 
















TR 100kV/70mA TR 100kV/30mA 








ly rectified) 


Whatever your mobile problem La] rauorng roe LTD 
I 


: E CHELMSFORD CMI 3DP 
contact us today for the answer: oe at Ge tens 


Condenser discharge units up to 6(00mAp TR 125kV/40mA (ful 
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SHIMADZU.....A New Imaging Series 
for More In-Depth Information & 
Reliable Diagnosis 


| Multi-image diagnosis is an essential part of medical 
treatment. The reason is simple. More ac- 

curate diagnosis can be obtained by cor- 
relating several methods of image diagnosis. 
To ensure earlier and reliable diagnosis, 
Shimadzu is serving up-dated line of image 
diagnosis equipment — CT Scanner, Ultra- 
sonic Scanner, X-Ray Equipment...... 



















Shimadzu...... A total diagnostic imaging manufacturer since 1875. 

















INTERNATIONAL MARKETING DIV. 


14-5, Uchikanda 1-chome Chiyoda-ku, Tokyo Japan Phone: Tokyo 03-296-2352 
S H i M A D Z | J Overseas Telex: No.0222-4275 SHMDT J Cable Address: SHIMADZU TOKYO 
SEISAKUSHO LTD. KYOTO uapan| SHIMADZU (EUROPA) GmbH 
4000 Düsseldorf 1, Johannes Weyer Str.1 F.R. Germany 


Phone: (0211) 314061 Telex: 08586839 SHIM D 
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Lightweight, durable Special cassette 

cassette construction- latch opens 

resists scratching, using one hand 

abrasion, damage for easy loading 

in-use, A unloading of 
ilm. 





New colour coding Curved sides roll Patient identification 
makes service out air for total, window (Model CI only) 
recognition uniform screen/ used to record patient 
uncomplicated. film contact. name, time of exposure, 
and other essential 
be information helps 


eliminate error. 






that opened 
the door to 
roomlight 
handling 


With the Kopak ‘X-Omatic’ Cassette, Kodak created a 
remarkable cassette for diagnostic imaging. 

It could be opened with one hand. It was specially 
shaped to roll out air and give close screen/film contact over 
the whole area. And it was rugged. 

Over the years, the Kopak ‘X-Omatic’ Cassette has 
been improved. But it was that initial design that made it the 
only cassette that can be opened, emptied, reloaded and closed 
entirely by a machine: the amazing Kopak ‘X-Omatic’ Cassette 
Multloader. 

The Kopak ‘X-Omatic’ Cassette. It's the key to more 
efficient radiographic imaging. 





Kodak We care about your image 





Kodak and X-Omanc are trade marks. 


Quality counts in 
radiopharmaceuticals 


- Sodoes price 


And the ADC Medical 
Qualitygraph gives 
accurate and reliable 
analysis ata 
competitive price. 


The QG100 was developed to provide a 
simple yet accurate method of 
determining the chemical purity of 
radiopharmaceuticals. 


@ Processed chromatography strips 
can be scanned automatically and 
the chemical structure analysed. 

© Hard copy permanent record of 
analysis. 

@ Accurate assessment of biological 
behaviour of compound prior to use 
in patient. 

© Simple to operate. 


inilernuciear 


Distributors for: Atomic Development Corp 
Diagnestic Isotopes inc 


- Birchover instruments - 
- Matrix instruments - 


Capintec inc 


Medicor - Omnimedical 


Veenstra instrumenten b.v. 


internuclear Limited, 18 Bath Road, Swindon, Wiltshire SN1 4BA. Telephone: 0793-30579 








E N 
Sterculia and 
Normacol X Seion" 


ensures a clear picture and a comfortable patient 


Normacol, the most efficient bulk former available, softens impacted faeces, absorbs 


é ° . Z Q 
gas and induces natural peristalsis. J 38 
IA Co 
' : VAS 
Danthron promotes vigorous and complete evacuation of the total bowel pe 
contents but, because of prior ingestion of Normacol, griping and pain JR 
seldom occur. A 
J, O 
/ 

f A : ; i X 
So you get a radiologically clean gut, a co-operative patient and film j S 
of high diagnostic value. S ar 

AN © 
IS N 
: 3 5 5 og w O RO 
Normacol X is supplied in convenient ready-to- ZS A 8 
post packs including patient instructions. Each pack contains SE RG Ps 
40g sterculia granules and 2 tablets of Danthron 200mg. sv on Re 
Ye: CÀ 
A ~O < 
Normacol is a Registered Trade Mark. f AS i y 
Product Licence No 0322/0014. ZX E Kd 
Full prescribing information is available on request. FAA gò F F F RO 
PA © AN a aa ys 


VK . | 
VR we re) rd 
Norgine Limited, Ji s E P S K Z os 
59-62 High Holborn, London WC1V 6EB xO Ye LS V g 3 s Re) 
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I. YAGHMAI 
Angiography of Bone 
and Soft Tissue Lesions 


1979. 183 figures. Approx. 432 pages 
Cloth DM 188.—; US $ 103.40 

ISBN 3-540-09147-5 

Prices are subject to change without notice 


Contents: 

Introduction.— Bone Forming Tumors. -- 

Cartilage Forming Tumors.— Giant Cell Tumors. — 
Other Connective Tissue Tumors.— Vascular Tumors. — 
Bone Marrow Tumors.— Other Tumors, — 

Tumor-Like Lesions.— Metastatic Bone Disease. — 
Infectious Diseases. References. 


For the majority of bone radiologists and angiographers, the evalua- 
tion of bone angiograms remains a problem due to its infrequency. 
Many bone lesions have a characteristic roentgen appearance, while 
others create diagnostic dilemmas not only for the radiologist, but 
also for the pathologist and surgeon. This volume is the first really 
complete atlas of bone angiography. 


Because angiography is not indicated for every patient with a bone 
lesion, the author carefully details when it will or will not help the 
specialist in making a differential diagnosis. Dr. Yaghmai has collec- 
ted over 650 cases during the past 10 years and has examined 
patients with virtually every type of bone lesion. All of his findings 
have been faithfully catalogued and recorded along with those of the 
pathologist. He has compiled in this volume the illustrations and 
information he has amassed, and supplemented this with pertinent 
information from an exhaustive review of the literature. 


Pathologists and orthopedic surgeons will find this atlas to be a 
useful reference. Every radiologist will want it in his working 
library to enable him to effectively utilize angiography as a supple- 
mentary examination in his perplexing bone cases. 


Springer-Verlag Berlin Heidelberg New York 
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NV. Philips’ Gloeilampenfabrieken PHILIPS Medical 
PCP/Medical Systems Division 
Building QM, Eindhoven, The Netherlands Systems 


Philips Medical Systems Ltd., Kelvin House. 
63/75 Glenthorne Road, 
Hammersmith, London W6 











International Symposium on 


RECENT ADVANCES IN ULTRASOUND DIAGNOSIS 
October 1-7, 1979 


Opening Lectures 
L Donald (Scotland) : Twenty-five years of my ultrasonic activities 
G. Kossoff (Australia) : Look into the future of diagnostic ultrasound 


Round Table Discussions 
|. The value of ultrasound in perinatal medicine from the clinician's point of view 
Chairman: J. Beazley (UK) 
H, The influence of diagnostic ultrasound in perinatal medicine 

Chairman: A. Kurjak (Yugoslavia) 

HL Uftrasonic assessment of fetal organ functions 
Chairman : J. Wladimiroff (Netherlands) 

IV. Ultrasonic assessment of fetal activity tor clinical purpose 
Chairman: G, Gennser (Sweden) 

V. New clinical applications 

Chairman : G. Kossoff (Australia) 

VI. Automatic and computer-aided sonography 
Chairman: N. Bom (Netherlands) 

VIL Display quantisation — limitations and testing 
Chairman : B. Breyer (Yugoslavia) 
VII Biological action of ultrasound in relation to the radiation safety question 
Chairman: C, R. Hill (UK) 
IX-X. Recent advances in echocardiography 

Chairman : l. Cikes (Yugoslavia) 

XI. Ultrasound and radiologists 
Chairman ; H, Meire (UK) 


Special lectures 

C. Alvisi (Italy) 

Neurosonology: A critical survey 

R. Dallow (USA) 

Recent advances in ultrasound diagnosis of eye diseases 

J, Hackeloer (West Germany) 

Ultrasound monitoring of ovarian stimulation 

M. Hansmann (West Germany) 

Ultrasound transtusion performed with the aid of real-time ultrasound scanning 

T. Kobayashi (Japan) 

Current status of diagnostic ultrasound in breast diseases 

A, Kratochwil (Austria) 

Advances in ultrasonic assessment of upper abdomen 

V. Latin (Yugoslavia) 

Ultrasonic assessment of diabetic pregnancy — experience from 500 cases 

M. Mahran (Egypt) 

Diagnostic ultrasound in developing countries 

K. Vandenberghe (Belgium) 

Recent advances in ultrasonic study of the placenta 

D. White (Canada) g 
Pulsations of intracranial echoes in range: a means of measuring pulsatile flow through the aqueduct of 
Sylvius in man and variations in this flow with increased intracranial pressure and hypercapnea 


Organizer Co-organizers 

Section of Medical Ultrasound European Federation of Societies for Ultrasound 
(Medical Association of Croatia) 

The official language will be English. 


Those wishing to present a free communication (ten minutes) are kindly requested to submit the title and 
abstract of no more than 200 words in English before July 1, 1979. Notification of acceptance will be made 
by August 1,1979. 

All further information may be obtained from: 

Asim Kurjak, M.D., D.Sc., Chairman of the Organizing Committee 

Petrova ul. 13, 41000 Zagreb, Yugoslavia 








HAS LF RON THERAPY SYSTEM YOU U 
TODAY, THE TECHNOLOGY FOR THE YEAR 2000? 





A few years ago many companies were still in the 
dark about how to meet the clinical requirements 
for electron therapy. But now after years of 
development work in association with hospital 
users, Philips can offer you a comprehensive electron 
therapy system to meet the latest clinical needs. 

In addition the knowledge we have accumulated 
is available to meet the exacting requirements of the 
future. 

Whatever your query, whatever your 
requirement, fifteen years of research into applicator 
technology is bound to have some relevance to your 
particular problem. 

For information on our range of electron 
applicators and our accelerator programme please 
write to the address below. 








Medical 
Systems 






Together, we can build for the future today. 
PHILIPS a 


Philips Medical Systems, Kelvin House, 63/75 Glenthorne Road, Hammersmith, London W6. 
MEL, Manor Royal, Crawley, Sussex, England. 
Divisions of Philips Electronic & Associated Industries Ltd. 
or Philips Medical Systems Inc., 710 Bridgeport Avenue, Shelton, Connecticut 06484, United States of America. 


Our standard range includes 12 All are designed for rapid attachment 
square and rectangular applicators with to the treatment head. 
interchangeable end frames, which, In addition we have a motorised 
together with 5 circular applicators, variable field electron applicator giving an 
provide a very wide range of electron infinite variety of square and rectangular 
n Pee Te ats oug Q N N 





A SYSTEM DESIGNED FOR 
OPTIMAL FIELD UNIFORMITY. 


* Light, easy to handle one piece > Treatment field illumination 
designs. facility. 


x Automatic optimisation of main + Interchangeable end frames for 
Diaphragm settings. irregular fields. 
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AGFA-GEVAERT 


RORCON IE 
definition, 
brilliance: 
CURIX RPI 


Further information from: 
Agfa-Gevaert Ltd., 

Medical X-Ray Sales Dept., 

27 Great West Road, Brentford, 
Middlesex TW8 9AX. 

Tel: 01-560 2131 
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GEC Medical Equipment Ltd 
P.O. Box No. 2 

East Lane, Wembley 

Middlesex, England 

HA9 7PR 

Tel: 01-904 1288 Telex : 922177 
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Linotome 40 


Take a closer look... 


Linotome 40, a compact ‘island’ table with integral 
tubestand, designed for high performance Linear 
Tomography and all General Radiographic 
procedures. 

High performance 2—speed motorised tomography is 
simply controlled from a pushbutton module 
providing 6 standard programmes and motorised 
fulcrum height adjustment. 

The four way floating table top provides convenientl 
easy patient positioning and the comprehensive 
tubestand movements also enable horizontal beam 
and chest radiography and the examination of 
stretcher borne patients. 


Linotome 40 — a very practical and 
versatile concept — ‘Take a Closer Look’. 





40 years of 
experience and 
expert 
knowledge 

can be made 
yours 

very easily 


Cldelft 


Oldelft England Ltd 
16 Barclay Road, Croydon CRO 1JN 
Tel. (01) 681 1171, telex 946154 
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Radiodiagnosis 

Odelca x-ray cameras 

100mm System for spotfilm 
photography 

Deltorax chest film changer 
Odelscope image intensifier for 
fluoroscopy 


Ultrasound 

Real time linear phased array systems 
Cardiac phased array sector scanners 
General purpose gray-scale 
compound scanners 


Head Office: Holland, Oldelft Deltronix bv, Den Haag 
Fruitweg 9, Tel. (070) 88 89 63 

België/Belgique 2100 Deurne, Twee Gezusterslaan 34 
Tel. (031) 24 93 05 
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Nuclear medicine 

Gamma cameras with complete range 
of accessories (e.g. multi-imager, 
whole body scanning bed) 


Radiotherapy 
4 and 15 MeV linear accelerators 
Cobalt units 
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The completest range of ultrasound 
equipment: gray-scale scanners 
motorized arc scanners, linear phased 
array real time scanners, sector phased 
array real time scanners, M-mode 
monitors and all accessories for 
recording data on line-scans or video 
systems 

This Toshiba ultrasound equipment is 
characterized by unrivalled image 
definition, simplicity of operation and 
professional design 

It is sold and serviced by Oldelft 
throughout Europe 


Radiotherapy planning 
Simulix-Y simulator with Simtomix 
accessory for analog whole body 
tomography 


Pulmonary function testing 
Computerized equipment for the 
pulmonary lab 

Automated procedures in spirometry, 
flow/volume loop analysis and 
exercise testing 





Deutschland D 6300 Giessen Lahn. Postfach 542! 
Tel. (064 49 

Espana \ 
France 9 


Italia 00146 





Jruguay 13. Tel. (01) 2 
ay, B.P. 86, Tel. (01) 90 





Via della Vasca Navale 84. Tel. (06) 55 84 31 


Sverige 17206 Sundb 
Schweiz 8618 Oetwi! 


yberg 6 Postbox 670. Tel. (08) 98 38 95 
am See Zelglistrasse 5. Tel. (01) 92 91 





References I. Bonati et al, (1965) Arzneimitte!-Porschung, 15, 222-229. 2. Bellizi, (1966) Radiologica Radioterapia and Fisica Medica, 21, 3. 3. Bollerup et al, (1975) 
European Journal of Clinical Pharmacology, 9, 63-67 4. Kaude, (1973) Der Radiologe, 13, 271-275 
RDH Pharmaceuticals Lid, Lenten House, Lenten Street, Alton, Hampshire GU34 JD. Telephone Alton (0420) 88767. Telex 858435. Uromiro and are trade marks, 





MANUFACTURE OF LEAD SHIELDING, COMPONENTS AND 
PROTECTIVE PRODUCTS FOR THE SAFE EMPLOYMENT 
OF RADIOACTIVE MATERIAL IN HOSPITALS. 


Please contact us for more information on any 
aspect of our lead casting and manufacturing service. 
We have been active in this field for many years 
and our experience and capability in precision 
engineering in lead is possibly unique. 


James Girdler and Company Limited 
458 Rotherhithe Street, London, SE16. Telephone: 01-237 0048 


xxii 


Physics in 
___Medicine and Biology 


retention 


An international journal for all physicists concerned with the applications 
of theoretical and practical physics to medicine, physiology and biology. 
Reprints of review articles are available : 

Ultrasonics in Medicine and Biology P N T Wells 


J A Clark 
Physics in Ophthalmology A A Weale 
Coming shortly : reviews on Imaging, Ultraviolet, Vestibular Physiology. 


| 
| 
| 
| 
| 
Thermal Insulation of Animal Coats and Human Clothing K Cena and 
Available at £1-00 each (payment with order) from | 

| 


| Physics in Medicine and Biology, The Institute of Physics 
i Techno House, Redcliffe Way, Bristol BS1 6NX, England. 





polyfoam. 








unique unique padding perr permits passage of 
Xaays without showing on the plate 


A typical example of the use of 
Polyfoam is the provision of a 
warm and comfortble cover 

for an X-ray couch, thus 
saving patients from having 

to endure a hard, cold surface 
when being X-rayed. 


For further information write or 








telephone. 
HINDERS-LESLIES LIMITED progress 
Higham Hill Road - London- E17 6EJ through 
Telephone: 01-531 7172 (10 lines) plus Ansafone research 


PON , 
iso: Member of the SMITH & NEPHEW Group of Companies 








program and confirm 


z os TN, 
a new dimension in 
afterloading 


E Independently programmable source-distribution for easily 
reproduced, accurate configurations: ensures lowest possible 
bladder- and rectum-dose while preserving the required tumor-dose. 

E Absolute safety for medical and nursing personal. 

E The Selectron is a small mobile unit with complete 
built-in radiation protection and shielding to ICRP- 
regulations. 

@ Integral printer for confirmation of complete patient- 
treatment data. 

E The Selectron is microprocessor-controlled for ease 
of operation and fail-safe monitoring. 

M Selection of light-weight stainless steel applicators 
available, including kit to facilitate constructions to 
your own requirements. 

E Low-, medium- and high-dose rate sources available in 
Cs 137 and Ir 192. 

E Automatic source return in event of operation-, 
power- or air-supply failure. 

W Card reader for rapid programming of 
standard treatments. 

E Pneumatic source transport ensures 

reliable and maintenance free operation. 
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ENQUIRIES TO, OR FURTHER INFORMATION FROM: 
NUCLETRON TRADING B.V., P.O. BOX 10,3956 ZR LEERSUM, THE NETHERLANDS, TEL: 03434 - 4224 


FOR THE U.K: NUCLETRON LTD., BROOKLYN HOUSE, 129A NANTWICH ROAD. CREWE, 
CHESHIRE CW2 6DE, ENGLAND, TEL: 0270 - 214658 
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American University Hospital 
Beirut, Lebanon 


WANTED 


Diagnostic Radiologist 
with special interest in 
Neuroradiology 


Salary and benefits commensurate with 
qualifications and experience. Campus 
lodging available if desired. 


j 

| 

{ 

| 

| Please reply to: 

| Dr. R. O. Murray, 25 Wimpole Street 

| London W1M7AD 

| Tel. 01-935 4747 

| Or: 
R. E. Melhem, M.D. 

| Department of Radiology 
American University Hospital 

| Beirut, Lebanon 











ACTON TECHNICAL COLLEGE 
RADIOGRAPHY EDUCATION COMMITTEE 


Present a Symposium 


CONTEMPORARY THINKING ON 
MEDICAL IMAGING TECHNIQUES 


On July 4, 1979 at Edward Lewis Lecture Theatre, 
The Middlesex Hospital Medical School 


Topics to include: 


A REVIEW OF 
CURRENT MEDICAL IMAGING TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE IMAGING 
EVALUATION OF OBSERVER PERFORMANCE 
IMAGING FOR ONCOLOGY and RADIOLOGY 
LASERS and HOLOGRAPHY 


The symposium commences at 9.00 a.m., closes at 
4.30 p.m. The fee, inclusive of lunch etc., is 
£12-00 (not refundable) and cheques should be 
made payable to London Borough of Ealing. 
Fees to be sent by June 18th, 1979, to Accounts 
Office for attention of M. Grimshaw, MlnstP., 
Symposium Organizer, Acton Technical 
College, High Street, London W3 6RD. Tel. 
01-993 2344, ext. 2129/2373. 








FELLOWSHIP OF THE FACULTY OF RADIOLOGISTS 
OF THE 
ROYAL COLLEGE OF SURGEONS IN IRELAND 


The following are the dates for the 1979 Radiology Examinations: 
PRIMARY 
Radiodiagnosis 
Tuesday June 5th 
Monday September 3rd 


Radiotherapy 
Monday November 26th 


FINAL 
Radiodiagnosis and Radiotherapy 
Monday May 28th 
Monday December 3rd 


Further details may be obtained from: 
The Examination Secretary, 
Royal College of Surgeonsin 


For the duration of the Postal Strike, 
candidates for these examinations should 
forward their applications to : 


Ireland, Dr. J. O. Y. Cole 
123 St. Stephen's Green, Dean, Faculty of Radiology, 
Dublin 2, Main X-ray Department, 
Ireland. Royal Victoria Hospital, 


Belfast BT12 6BE, 
Northern Ireland. 








TEM proudly present their new 
Ximatron Treatment Planning Simulator 


arg 





Important Features 


Digital Readouts on all movements. 

Data output for computer interface. 

Interface can be provided to suit customers requirements. 
Variable Speed Movements. 


Variable focus-to-axis distance from 80 cm to 120 cm or 
from 60 cm to 100 cm. 


Automatic locking positions for 3 focus-to-axis distances 
with automatic change of field size at these distances. 


Movement of the image intensifier axially over 40 cm both 
longitudinally and laterally + 19 cm. 


Four independent collimator blades allow asymetrical X-ray 
fields, reducing scattered radiation and improving 
image quality. 


Maximum field size of 50 cm x 50 cm at 100 cm focus axis 
distance. 


Motor drive for all unit movements (except Table Top Rotation). 
lsocentric Table with split spine table top. 

Remote and local control. 

Optical front pointer and distance indicator. 


Wide angle X-ray tube with concentric focal spots also available 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 


M Telex: 87397, Grams: TESTMENT CRAWLEY 
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Our Afterloading Systems 
put brachytherapy right on target 


With the addition of our new caesium-137 gynaecological afterloading 
system, we now supply a comprehensive range of products for 
intracavitary and interstitial radiotherapy. 


Intracavitary radiotherapy 


Our caesium-137 “Manchester” The sources contain glass beads in welded 
afterloading system consists of X-Ray stainless steel capsules assembled into 
opaque PVC applicators which allow the flexible source trains for which special 
“washer” “spacer” or “tandem” techniques shielded containers are supplied. lso-dose 
to be used. The guide tubes are flexible curves are available for each source train, 
and have a diameter of only 6.3mm individual sources and source trains are 
overall. Complete kits are supplied sterilized also supplied for most of the currently 

in packaging designed for maximum available remote afterloading systems. 


convenience In use, 


Cylindrical À 
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ABSTRACT 

Pyle disease is a rare genetic skeletal disorder which is 
conventionally classified with craniotubular dysplasias. The 
radiographic manifestations in three affected adults included 
widening of the metaphyseal portions of the long bones 
which extended through a major portion of the diaphyses, 
with cortical thinning and mild cranial sclerosis. The femora 
presented the characteristic Erlenmeyer flask configuration. 

Pyle disease is clinically, radiographically and genetically 
distinct from craniometaphyseal dysplasia, a relatively 
common condition with which it has been confused. 
Metaphyseal dysplasia or Pyle disease is an extremely 
uncommon bone disease in which gross abnormali- 
ties of tubular bone modelling are associated with 
mild sclerosis of the cranium. Prominent radio- 
graphic features in the long tubular bones consist of 
splaying of the metaphyses with relative constriction 
of the diaphyses. The changes are most obvious in 
the lower femora, where the appearance has been 
likened to an “Erlenmeyer flask”. Failure of model- 
ling may also be seen in the short tubular bones and 
there is widening of the medial ends of clavicles, 
sternal ends of ribs and pubic bones. In spite of the 
striking radiographic manifestations there are few 
clinical stigmata and the condition has a benign 
course. 

Following the initial description by Pyle (1931) of 
a five-year-old boy with “unusual bone develop- 
ment”, about 20 genuine cases have been reported. 
There has been considerable semantic confusion 
with craniometaphyseal dysplasia which is far more 
common, and a number of mis-diagnoses have 
occurred. As these conditions differ in their course 
and prognosis, diagnostic accuracy is important. In 
order to draw attention to this situation, we depict 
and discuss the radiological features of three adults 
with Pyle disease. 
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PATIENTS AND METHODS 

During the period 1970--1978, 80 individuals with 
genetic conditions in which cranial sclerosis or 
abnormal modelling of the appendicular skeleton 
were major features, have been encountered in our 
skeletal dysplasia clinics. Of these, three were suffer- 
ing from Pyle disease while the others had diverse 
disorders, including osteopetrosis, sclerosteosis and 
craniometaphyseal dysplasia. 

Two of our patients with Pyle disease were mem- 
bers of a large consanguineous Afrikaner kindred. 
Patient 1, a 24-year-old female, was asymptomatic 
and the disorder was only recognized during adoles- 
cence following wrist injury. A subsequent skeletal 
survey revealed typical changes of Pyle disease and 
numerous old healed fractures. Radiological exami- 
nation of family members revealed almost identical 
changes in a male cousin aged 20 years (patient 2). 
Genu valgum and palpably widened metaphyses in 
the long bones and clavicles were noteworthy clinical 
findings in both patients. Patient 1 was edentulous 
while patient 2 manifested carious teeth and dental 
malocclusion. 

In addition, the radiological study of the kindred 
revealed mild undertubulation of the femora in 
seven obligatory or potential carriers of the abnormal 
gene. The genetic implications of these findings have 
been considered elsewhere (Raad and Beighton, 
1978). 

Patient 3, a 50-year-old Afrikaner male, was in- 
vestigated radiologically following low back pain. 
Radiographs revealed a lumbosacral spondylolis- 
thesis and mild platyspondyly. Gross metaphyseal 
flaring was evident on skeletal survey for suspected 
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a Patient 1. 


skeletal dysplasia. Corresponding widening of the 
metaphyses in the long bones and clavicles was 
clinically evident. 


RADIOGRAPHIC FINDINGS 

Axial skeleton 
Skull 

Patchy sclerosis was present in the calvarium and 
base in all three patients and each had moderate 
supra-orbital prominence. The paranasal sinuses and 
mastoid air cells showed partial or complete non- 
pneumatization. Prognathism was evident in all three 
patients. Patients 1 and 3 were edentulous (Fig. 1). 


Thorax 

\ll three patients exhibited striking modelling 
abnormalities in the clavicles and to a lesser degree in 
the ribs. Flaring of the clavicle was most marked 
medially (Fig. 2) while the ribs were most flared at 
their costochrondral junctions. The scapulae were 
uninvolved and the heart and lungs were normal. 


Spine 

Spinal abnormalities were encountered in two of 
our patients. Patient | had a slight dorsal scoliosis 
(Fig. 3) while radiographs of patient 3 revealed a 
lumbosacral spondylolisthesis and mild platyspon- 
dyly in the dorsal spine (Fig. 4). 


Pelvis 

Abnormal widening of the ischio-pubic rami was 
a notable feature in each patient (Fig. 5). The con- 
figuration of the iliac crests was normal. 





B Patient 2. 





c Patient 3. 


Fic. 1. 
Skull. Patchy sclerosis of calvarium and base. Distinct supra- 
orbital bulge. Poor pneumatization of mastoid air cells and 
paranasal sinuses. Prognathism and widening of mandible. 
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Tubular bones 
Upper limbs 

Undertubulation of the humeri, which extended 
beyond the mid-diaphysis, was encountered in all 
our patients. This feature was most marked proxim- 
ally and associated with cortical thinning (Fig. 6). 
Similar changes were present in the radii and ulnae, 
in which undertubulation was more pronounced 
distally (Fig. 7). In the short tubular bones of the 
hands the modelling defect occurred in the epi- 
physeal regions of the proximal ends of the phalanges, 















A Patient l. 


B Patient 2. 


c Patient 3. 
Fig- 2. 


Clavicles. Clavicles markedly flared medially. Ribs widened 


to a lesser degree. 


the first metacarpals and the distal ends of the other 
metacarpals. 

Numerous old healed fractures involving the 
metacarpals, phalanges and right radius in patient | 
(Fig. 8B) represent the sequelae of the underlying 
bone fragility in this patient, who had in addition 
radiographic evidence of fractures elsewhere in the 
skeleton. 


Lower limbs 

Modelling abnormalities were a dramatic feature 
in all three patients. As in the upper limbs cortical 
thinning and diminution of bone density was seen in 
the areas of maximal flaring. 

In the femora the changes were most marked 
distally where gross “Erlenmeyer flask” deformities 
were evident (Fig. 9). This flaring extended proximal 
to the mid-femoral diaphysis where endosteal corti- 
cal thickening was present (Fig. 10). 

The tibiae and fibulae were expanded with mid- 
diaphyseal cortical thickening. Lateral bowing of the 
tibiae produced an S-shaped configuration (Fig. 11). 


Fic. 3. Patient /. 


Mild dorsal scoliosis. 


A) 
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Fic. 5. Patient 2. 


Widening of ischio-pubic rami. 





Fic. 4. Patient 3. 


Mild dorsal platyspondyly. 


Fic. 6. Patient 1. 


Undertubulation of humerus in its proximal 
two-thirds. 
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Radiographs of seven obligatory and potential radiographic manifestations contrast with the rela- 
heterozygotes in the family of patients 1 and 2 tively normal clinical features. The face and habitus 
revealed mild but definite undertubulation of their are unremarkable and genu valgum, as seen in all our 


distal femora (Fig. 12). patients, is the only consistent abnormality. Bone 
fragility, as in case 1, and spinal malalignment, as in 
DISCUSSION cases 2 and 3, are infrequent but well documented 


Pyle disease is a rare disorder in which striking complications (Pyle, 1931; Bakwin and Krida, 1937; 





A Patient 1. B Patient 2. 


c Patient 3. 


Fic. 7. 


Undertubulation of radius and ulna in the distal two-thirds. 
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A Patient 1. 





B Patient 2. 


FIG. 8. 


Metacarpals 2-5 undermodelled distally, first proximally. Phalanges widened proximally. Note the old healed metacarpal, 
phalangeal and distal radial fractures in patient 1. 


Hermel eż al., 1953). Carious and misplaced teeth, 
which either were or had been present in each of our 
patients, have been mentioned in several reports 
(Bakwin and Krida, 1937; Komins, 1954). 

The radiographic changes which we observed 
were very similar to those described in an affected 
brother and sister by Feld et al. (1954). Patchy 
sclerosis of the cranial vault with associated moderate 
supra-orbital prominence, present in all of our three 
patients, are characteristic radiographic manifesta- 
tions in Pyle disease (Gorlin et al., 1969; Spranger et 
al., 1974). Prognathism, a feature in all three of our 
patients is a common finding (Komins, 1954; Gorlin 
et al., 1969; 1970). 

Abnormal modelling (undertubulation) of the long 
and short tubular bones is the hallmark of meta- 
physeal dysplasia. The distal location of tubular bone 
. expansion in the femora, radii, metacarpals and 


metatarsals; and the proximal location in the humeri, 
tibiae and phalanges of the hands and feet in all our 
patients is a typical finding (Hermel et al., 1953; 
Gorlin et al., 1969; Mabille et al., 1973). Some 
reported patients were unusually tall (Pyle, 1931; 
Komins, 1954) but the majority have been of normal 
stature. In the two cases previously reported from 
South Africa (Komins, 1954), elongation of the big 
toe was a striking feature. 

Thinning of the bone cortices in areas of abnormal 
bony expansion, as was evident in all our patients, 
and particularly noticeable in the distal femora and 
proximal tibiae, is an invariable accompaniment of 
bony expansion. Increased bone fragility is a well 
recognized but variable component of Pyle disease. 
In this context, the numerous old healed phalangeal, 
metacarpal and radial fractures evident in patient 1 
represent the sequelae of increased bone fragility. 
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Evidence of previous bony injury was visible in other 
radiographs of this patient. 

Scoliosis and platyspondyly present respectively 
in patients 2 and 3 are variable features (Gorlin et al., 
1969; 1970; Spranger et al., 1974). 

Since the original publication of Pyle (1931), other 
disorders characterized by abnormal bone modelling 
and varying degrees of skull sclerosis have been 
delineated. Prior to precise delineation of Pyle 





A Patient 1. 


disease and craniometaphyseal dysplasia as separate 
entities many authors used these designations inter- 
changeably (Mori and Holt, 1956; Walker, 1966; 
Holt, 1966; Ross and Altman, 1967). However, the 
two conditions are listed separately in the Inter- 
national Nomenclature of Constitutional Diseases of 
Bone (1969 and 1977). Gorlin et al. (1969) classified 
Pyle disease among the “‘craniotubulardys plasias” 
with craniometaphyseal dysplasia and rarities such as 
fronto-metaphyseal dysplasia, craniodiaphyseal dys- 
plasia and dysosteosclerosis. Gorlin et al. (1970) and 
Mabille et al. (1973) emphasized that the distinction 
between craniometaphyseal dysplasia Pyle 
disease is important in prognostication, since deaf- 
ness, facial paralysis and occasionally impairment of 
vision may result from cranial nerve compression in 
the former, whereas they are unusual in the latter. 
Genetic considerations are also relevant, as cranio- 
metaphyseal dysplasia is transmitted from generation 
to generation as an autosomal dominant, whereas 
inheritance in Pyle disease is autosomal recessive 


(Raad and Beighton, 1978). 


and 





B Patient 2. 


Fic. 9. 


Femora exhibit gross “Erlenmeyer flask” deformities with marked cortical thinning and proximal extension. 
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Radiographic recognition of Pyle disease is not 
difficult, as the characteristic gross modelling defects 
of the long bones are not seen in any other condition. 
In particular, craniometaphyseal dysplasia is differ- 
entiated by the greater degree of cranial sclerosis and 
a “club-shaped” rather than an “Erlenmeyer flask” 





Fic. 10. Case 1. 


The proximal extension of the “Erlenmeyer flask” 


and endosteal cortical thickening are 
evident. 


deformity 


4 


a 


3 


configuration of the distal femora. The “Erlenmeyer 
flask” deformity in Pyle disease has attracted the 
attention of many authors and Jackson et al. (1954) 
citing Hamman (1910) depicted a femur from a 
Nubian mummy in which this anomaly was present. 
However, the diagnosis of Pyle disease could not be 
firmly established in this particular instance as the 
femoral “Erlenmeyer flask” deformity may also be a 

of other as osteo- 
lead Gaucher’s 


manifestation disorders such 


petrosis, poisoning, 


disease, severe thalassaemia and cartilage dysplasias 


prolonged 





a Patient 1. 


Fic. 11. 


8 
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such as Ollier’s disease and diaphyseal aclasis. How- 
ever these conditions have distinctive clinical features 
and other characteristic radiological findings of their 
own. 
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c Patient 3. 


Fic. 11. 


The tibiae show predominantly proximal flaring, with lateral S-shaped bowing. 
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Fic, 12. 


Mild undertubulation of distal femur in a 
heterozygote or clinically normal carrier of 
the gene in the family of patients 1 and 2. 
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(Recetved November, 1978) 


ABSTRACT 
Forty-one children with osteogenesis imperfecta have 
been reviewed. A minority (7/41) showed small metaphyseal 
fractures, resembling those seen in non-accidental injury, 
but in all of these there was obvious generalized bone disease 
so that confusion with non-accidental injury did not occur, 


In non-accidental injury of childhood (the “battered 
baby” syndrome), the possibility of fragile bones 
may be raised. Therefore the findings in 41 children 
seen at the Children’s Hospital with osteogenesis 
imperfecta have been reviewed. Special attention 
has been paid to the occurrence of the type of meta- 
physeal fracture that is often seen in non-accidental 
injury, 7.e. a small flake detached near the epiphyseal 
line. 

The 41 children had received 316 radiological 
examinations, an indication of the large number of 
radiographs that was available for review. 


FINDINGS 

1. Osteoporosis. In addition to their fractures, all 
41 children showed osteoporosis, easily detected in 
37 but mild in four. These four all had multiple 
wormian bones in the skull and none had meta- 
physeal fractures. 

2. Wormian bones were present in 33 out of 36 
children where skull radiographs were available. The 


three children without wormian bones all showed 
easily recognized osteoporosis and none had meta- 
physeal fractures. 

3. Small metaphyseal fractures were present in 
seven of the 41 children (Table I). In these seven 
there was an obvious generalized skeletal disease with 
easily recognized osteoporosis, abnormal bone 
modelling and major fractures in addition to the 
detached metaphyseal flakes (Fig. 1). In all seven 
there were wormian bones in the skull. In six of the 
seven (in one child there was no follow-up), further 
fractures were seen after the diagnosis of osteo- 
genesis imperfecta had been made and none of these 
later fractures were of metaphyseal type. 


COMMENT 

In 37 of the 41 children reviewed, there was no 
radiological difficulty whatsoever in making a diag- 
nosis of osteogenesis imperfecta. Even in the 
remaining four there was osteoporosis, albeit less 
obvious, plus the presence of multiple wormian 
bones. 

The presence of wormian bones is clearly a 
useful diagnostic sign. In the four children where 
they were not present, osteoporosis was not in 
doubt; conversely, where osteoporosis was slight, 



































TABLE I 
Age when MF General appearance Wormian 
Name seen Sites of MF of bones bones 
A.H. 1 day Upper L. humerus Porosis with gross abnormality Present 
R.W. 2 days Lower R. humerus; Porosis with gross abnormality Present 
Lower R. & L. radius 
Upper L, humerus; 
B.M. 1 week Lower R. humerus; Porosis with gross abnormality Present 
Lower R. & L. radius 
z ae E Seale AE m 
CS. 1 month Upper L. radius; Porosis with gross abnormality Present 
Lower L. ulna 
| S.B. 5 months Lower L. tibia Porosis with gross abnormality Present 
R.C. 14 months Lower L. radius Porosis with gross abnormality Present 
B.B. 3 years Lower R. ulna Porosis with gross abnormality Present 











MEF = metaphyseal fracture. 
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Fic. 1. B 
R.W., age 2 days. ö 
ind B) There are small metaphyseal fractures at the lower end of the right humerus and at the lower end of each radius. 





€ 


c) There is early recognized generalized skeletal disease 
vith major fractures and deformities. 


D 





(D) The skull has multiple wormian bones. 
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wormian bones were present to reinforce the 
diagnosis. 

A minority of children showed small metaphyseal 
fractures, resembling those seen in non-accidental 
injury. In all of these there was an obvious generalized 


disease of bone with easily recognized osteoporosis, 
abnormal bone modelling, deformities, major frac- 
tures and wormian bones, in addition to the 
detached metaphyseal flakes. Confusion with non- 
accidental injury did not occur. 





Book reviews 


Telescreen and Radiographic Examination of Urinary Trans- 
port. By Endre Hajós, pp. 117, illus., 1978. (Akadémiai 
Kiadé—Publishing House of the Hungarian Academy of 
Sciences—-Budapest). $10.50. 

ISBN 963-05—1507-5. 

“Functional radiodiagnostics of the kidney is an oft- 
desired and highly desirable ideal which, however, is not 
easily achieved. This work has set the aim to get one step 
nearer to this ideal. . . 

“In the last 15 years (the) image intensifier has been 
extensively used for the examination of the urinary tract. In 
the present study a great number of patients were examined 
and the motility changes were recorded over a relatively long 
period of time. This allowed us to make new observations 
and to draw some conclusions regarding the site and 
frequency of the renal pacemaker.” 

These are two paragraphs from the Preface of this well 
produced monograph. They give a fair indication of the 
range and style of the work. It is a painstaking, sober record 
of 800 IVUs, mostly adult, using fluoroscopy of the upper 
urinary tracts and only a few radiographs. The author 
presents evidence that this did not result in high radiation 
burdens in these patients. 

What happens in normal as well as abnormal states is 
documented with care. Such studies of the patterns of 
contraction of the upper urinary tract already have a long 
history. Many radiologists will have learnt for themselves 
how fluoroscopy can often resolve points of diagnostic 
difficulty, particularly, in confirming or refuting a doubtful 
ureteric stone. However, there is real value in having so 
much first hand information on the human system assembled 
in one good small book. There is for instance the authori- 
tative finding that contractions commonly begin in the renal 
pelvis at a site just above the pelviureteric junction—the 
human pacemaker is here, not in the calices (bifid systems 
excepted). 

In work so much concerned with tone, contractility and 
movement, the absence of any pressure measurements is 
perhaps rather a drawback, This is particularly so in the 
final part of the book, dealing with “the orthostatic reaction”. 
This is said to be a reflex contraction of the upper urinary 
tract on standing up. The author is aware of alternative 
explanations for the IVU findings in the erect posture (e.g. 
gravity), and argues his case skilfully. I found this the most 
interesting section of the book, nicely provocative even if the 
reader may dissent. Why is the ureter below a stone some- 
times dilated and idle? 

I think this is a stimulating contribution to the field of 
urodynamics. Perhaps not every X-ray department will 
wish to own a copy, but larger libraries and anyone interested 
in the subject should have a look at Hajós. 

"THOMAS SHERWOOD. 


The Diagnostic Limitations of Computerised Axial Tomo- 
graphy. Edited by J. Bories, pp. xi-- 220, 1978 (Springer 
Verlag, Berlin, Heidelberg, New York) DM54/$27/£14-50. 
ISBN 3-540-08593-9 

The profound changes that have occurred in the diag- 
nostic management of patients with neurological problems 
since Hounsfield first presented computed tomography to 
the world have inevitably resulted in a vast literature, most 
of which extolled its ‘‘virtues’’ without perhaps enough 
emphasis placed on its “vices”. It is therefore welcome to 
find at last a scientific meeting whose main purpose has been 
to criticize CT, to define its limitations and perhaps to 
“get it in perspective”. 

The book edited by Dr. Bories, derives from papers 
presented at the 6th Congress of the European Society of 
Neuroradiology in Dijon in September, 1976. The papers 
from many major world centres cover a wide variety of 

pathology ‘and most accurately demonstrate the limitations 
of computed tomography as well as giving numerous useful, 
practical hints. It is divided into five parts—-cerebral 
tumours; orbit and skull base; infarcts, oedema and 
sub-dural haematomas; CT and other techniques; CT 
accuracy and future aspects. There are however, few papers 
that compare the accuracy of CT with other neuroradic- 
logical procedures, indeed in some areas the pendulum has 
already begun to swing back to more conventional ex- 
aminations. In this context I was most interested to see, as | 
have always thought, how little extra help is forthcoming as 
a result of “gazing at print-outs’’. 

It is over two years since the meeting was held and most of 
the newer developments referred to by Professor Taveras 
have already been reached. Scan times of one to two 
seconds, gating for the heart and reconstruction of picture 
slices, both coronally and sagitally, as well as higher 
resolution scans for the spinal canal are now available on a 
number of machines. Indeed further technical advances are 
expected each year. Nevertheless the problem areas (skull 
base, perichiasmatic region, posterior fossa etc.) still remain 
essentially unchanged, as does sometimes the overlap in 
appearances between those cases which require surgery and 
those in which surgery is unwise if not dangerous. It is 
apparent that there is no substitute for an experienced 
radiologist in reducing the false positive and negative rates 
Such experience takes time to acquire, but with the aid of 
this book many of the problem areas have not only been 
highlighted, but elucidated. The book assumes a reasonable 
knowledge of the subject, but is undoubtedly essential 
reading to anyone who wishes to become competent in this 
subject. 

D. P. E. KINGSLEY. 
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ABSTRACT 

Experimental studies on dried temporal bones in various 
projections combined with studies of the anatomical details 
marked with metal wires and/or barium paste have been 
performed to define the round window and its anatomical 
relation to surrounding structures. 

The exact plane of the round window was not found to be 
tomographically demonstrable and the term to describe the 
dehiscence in the lateral wall of the promontory below and 
posterior to that of the oval window should be the niche of 
the round window, Previous radiologically described patho- 
logical changes at the round window should be reviewed. 


Since the late 1950’s thorough investigation of the 
temporal bone with multidirectional tomography has 
taken place. Many articles and books on the radio- 
logical anatomy of the temporal bone, its normal 
variations and pathological changes have been pub- 
lished. Areas in reach of the surgeon such as the 
internal acoustic meatus, the oval (vestibular) win- 
dow and the endolymphatic duct achieved complete 
and skilful studies which established the radiological 
anatomy of these areas, 

Less interest, however, has been given to the 
region of the round window, being of minimal 
surgical interest. 

In the antero-posterior (AP) and semi-axial pro- 
jections the round window has been described as a 
dehiscence in the lateral wall of the promontory 
below that of the oval window. There has been some 
difference in the description of the level of the win- 
dow in earlier articles. Francois and Barrois (1959) 
demonstrated the dehiscence of the round window 
2 mm posteriorly to that of the oval window. 
Miindnich and Frey (1959) described the dehiscence 
being at the sarne level or slightly ventral to that of 
the oval window. Valvassori (1963) described its 
location 3 mm posterior to that of the oval window. 
All these measurements were done in the AP projec- 
tion. In the semi-axial projection, Gros et al. (1962) 
illustrated the round window located 4 mm posterior 
to that of the oval window. Many authors have stated 
that the dehiscence is not always clearly visualized, 


Reprint requests to H. Rovsing. 








and that it is best seen in the Stenvers and the lateral 
projections. 

The size of the round window has been measured 
as 2 mm in diameter by Gros ef al. (1962), and by 
Rovsing (1970) as 1-2 mm in height (in 70° of his 
cases), 2-3 mm in length (in 60% of his cases). 

Few authors have described a niche of the round 
window (Valvassori 1965; Quinto and Himadi 
1974; Valvassori and Buckingham 1975; Schaefer 
1976). Of these Valvassori uses the term more 
frequently and clearly. But even these authors use 
the term round window in their text and illustrations. 
Only few authors have described pathological 
changes in the round window area, defined as “a 
dehiscence in the lateral wall of the promontory 
below and posterior to that of the oval window”, in 
otosclerosis (Miindnich 1961; Frey et al. 1967; 
Rovsing 1970; 1974); and in congenital deformities, 
(Phelps et al. 1977). 

The aim of this work is to review the radiological 
anatomy of the round window and to discus the 
appearance of this structure on tomograms. 


ANATOMY 

The fossula or niche of the round (cochlear) win- 
dow is an irregularly prismatic recess with rounded 
angles, which extends from a point near the bottom 
of the middle ear upwards, inwards and forwards 
beneath the arch of the first turn of the cochlea. One 
surface of the niche is directed downward and 
represents the tympanic aditus of the fossula. Much 
of the rim of this opening is formed by the over- 
hanging ledge of the promontory, produced by the 
arch of the first coil of the cochlea. 

The cochlear fenestra lies in the antero-superior 
wall of the fossula. Its bony margin is formed 
posteriorly by part of the cochlear capsule, anteriorly 
by part of the inner portion of the bony promontory 
and superiorly by the two bony spiral laminae. The 
window is rounded in shape, and its plane is vertical. 
The cochlea is separated from the fossula by the 
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Fic. 1. 
A transverse section of a temporal bone showing the anatomy 
of the region of the round window. (From Anson and 
Donaldson, 1967.) 


secondary tympanic membrane, or round window 
membrane, which is completely out of view from the 
tympanic cavity, and may be brought into view only 
by removing the overhanging bone of the promon- 
tory (Bast and Anson, 1952). 

The secondary tympanic membrane is a thin plate 
of connective tissue, whose lateral surface is covered 
by the mucosal lining of the middle ear. ‘The mem- 
brane is attached to the crista fenestrae cochleae 
(Anson and Donaldson, 1967) (Fig.1). 


Fic. 2. 
Oto-microscopic photograph of a dried left temporal bone 
specimen with metallic wires fixed at the external opening of 
the niche to the round window (1) and at the oval window (2). 
1. The tympanic opening of the niche of the round window. 
2. The oval window. 
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Fig. 3. 


Oto-microscopic photograph of a right anatomical temporal bone specimen after complete filling of the niche of the round 
window. Barium paste is seen at the tympanic opening of the niche (1). The oval window is seen upwards and forwards (2). 


In a horizontal section of an adult specimen 
Wolff et al. (1957), described a niche 4 mm deep to 
the surface of the promontory. The round window 
was measured to have an area of 2 mm2. Its framed 
membrane has a larger area which is difficult to 
calculate, since it does not lie in a single plane. 


Less than 2 mm behind the posterior margin of 


the round window, the anterior surface of the ampul- 
lary end of the posterior semicircular canal is situ- 
ated (Valvassori and Buckingham, 1975). 


MATERIAL AND METHOD 
The material consisted of two dried temporal 


bones (without soft tissues) and 11 anatomical 
. 


temporal bone specimens with intact round window 

In order to visualize the anatomical 

landmarks by tomography, the specimens were pre- 

pared and examined in the following way: 

1. The dried specimens were examined before and 
after fixing metallic wires shaped to fit the external 
(tympanic) opening of the niche of the round win- 
dow, and the oval window (Fig. 2). 

2. The anatomical temporal bone specimens were 
subdivided into the following groups: 

(a) complete filling of the niche of the round window 
with barium paste (Fig. 3). Mucosal folds partially 
filling the niche had been removed before applying 
the barium; 


membranes. 
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Fic. 5. 
A lateral tomogram of an anatomical specimen with metallic 
wires fixed at the planes of the round (3) and the oval (2) 
windows. The round window is lacking distinct tomo- 
graphically demonstrable landmarks. 


2. The oval window 

3. The plane of the round window 

5. The tympanic cavity 

6. The lateral semicircular canal 

7. The superior semicircular canal 

8. The posterior semicircular canal 

Fic. 4 

Oto-microscopic photograph of a right temporal bone after 

removing the promontorial bony covering of the niche and 

the beginning of the basal turn of the cochlea. The depth of 

) the niche is the distance between its tympanic opening (1) 

d p and the round window membrane (3). The osseous spiral 
1 lamina at the basal turn of the cochlea is exposed (4). The 


oval window (2) is also seen. 
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Fic. 6. 


AP tomogram of an anatomical specimen with a metallic 

wire in the posterior semicircular canal (8). The dehiscence 

caused by this canal should not be confused with that of the 
round window niche. 

6. The lateral semicircular canal 

7. The superior semicircular canal 

8. The posterior semicircular canal 

9. The vestibule 


(b) exposing the round window plane by removing 
the promontorial bony covering of the niche and 
the beginning of the basal turn of the cochlea (Fig. 
4) and smearing the round window membrane 
with barium. In one of these specimens metallic 
wires were fixed at the oval and round windows 
(Fig. 5); 

(c) inserting a metallic wire in the ampullary end of 
the posterior semicircular canal, reaching the 
vestibule (Fig. 6). 





Fic. 7. 
AP tomogram of a dried temporal bone showing a metallic 
wire at the opening of the niche of the round window (1). 
The term ‘“‘round window niche” should be used to describe 
the dehiscence and not the term ‘“‘round window”. 
1. The tympanic opening of the niche of the round 
window 


4a. The promontory 
6. ‘The lateral semicircular canal 
7. ‘The superior semicircular canal 
9. The vestibule 

12. The internal auditory canal 


The specimens were examined with the Polytome 
U3 (Philips-Massiot), using the hypocycloid move- 
ment, in the AP, lateral, semi-axial, axial-pyramidal, 
Stenvers and submento-vertical projections. 


FINDINGS 
In Fig. 7 an AP projection of a dried temporal 
bone with inserted metallic wire is shown. The wire 
delineates the opening of the niche (fossula) of the 
round window towards the middle ear cavity. This 
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Fic. 8. 


A semi-axial tomogram of a dried temporal bone specimen 
with a metallic wire fixed at the lateral opening of the niche 
of the round window (1). The opening of the niche of the 
round window (1) is projected medial to the promontory 
(4a). This should not be mistaken for an obliterated round 
window niche. 

1. The tympanic opening of the niche of the round 
window 
The promontory 
‘The tympanic cavity 
The lateral semicircular canal 
‘The superior semicircular canal 
The vestibule 
The canal of the facial nerve 


m Nous 


lateral opening of the niche corresponds to the 
structure so consistently described previously as “the 
round window”. 

The temporal bone examined in the semi-axial 
projection (Fig. 8) demonstrates the lateral (tym- 
panic) opening of the round window niche. The 
promontory is projected lateral to this opening and 
may cause a misinterpretation of the round window 
niche as being obliterated. 

Tomograms in the AP, semi-axial and Stenvers’ 
projections of the specimen with complete filling of 
the round window niche with barium paste demon- 
strate the depth of the window niche in the different 
projections (Fig. 9a, B, c). The antero-superior 
aspect of the niche, where the round window is 
situated, is not an exactly localizable or measurable 
distance. 

With metallic wires inserted into the plane of both 
the oval and the round window, the tomogram in the 
lateral projection (Fig. 5) reveals the windows situ- 
ated almost on a perpendicular line, the oval window 
facing laterally, the round window facing postero- 
inferiorly. As in other projections, the bony margins 
of the round window membrane are indistinct. 
Specimens with barium-paste smeared round win- 
dow membrane fortify the impression of indistinct, 
not tomographically visible, bony margins of the 
round window. 

Figure 6 is a semi-axial tomogram of a specimen 
with a metallic wire inserted in the ampullary end of 
the posterior semicircular canal. The dehiscence in 
the infero-lateral aspect of the vestibule, seen in this 
specimen 3 mm posterior to that of the niche to the 
round window, should not be mistaken for a round 
window niche, particularly if the niche was not 
clearly visualized. This may explain the early de- 
scription of a round window 3—4 mm posterior to 
that of the oval window, in the AP and semi-axial 
projections, possibly describing the ampullary end of 
the posterior semicircular canal. In our specimens, 
the dehiscence of the round window niche was seen 
in a range of 2 mm posterior to, and up to the same 
level of the oval window. 


CONCLUSIONS 

The term “niche of the round window” should be 
used instead of the “round window” when describing 
this dehiscence in the promontory. Our examinations 
indicate that the plane of the round window lacks 
distinct tomographically demonstrable anatomical 
landmarks. 

Non-visualization of the niche of the round win- 
dow in one projection does not necessarily mean an , 
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Fic. 9. 


AP (A), semi-axial (B) and Stenvers (C) tomograms of an anatomical temporal bone with complete filling of the niche 
of the round window with barium paste. The exact localization of the plane of the round window is not tomographically 
possible. 


1 The tympanic opening of the niche of the round 
window 

The oval window 

The basal turn of the cochlea 

a. The promontory 

The tympanic cavity 


nè pN 


obliterated or absent niche. The dehiscence of the 
ampullary end of the posterior semicircular canal 
e Should not be mistaken for the dehiscence of the 


6. The lateral semicircular canal 
7. ‘The superior semicircular canal 
10. The canal of the facial nerve 
1 'The external auditory canal 
12. The internal auditory canal 


round window niche, particularly if the latter is not 
clearly visualized. 
Lastly, earlier statements, measurements and 
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evaluation of possible pathological changes of the 
round window, previously radiologically described, 
should be reviewed. 
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Book review 


Medical Terminology in Hospital Practice. By P. M. Davies, 
pp. 375, 1978 (William Heinemann, London), £4:95. 
ISBN 0-433-07183-4 

This useful reference book is summed up adequately in its 
sub-title ‘‘a guide for all those engaged in professions allied 
to medicine”. It is neither text book nor dictionary but gives 
useful descriptions and explanations of terms related to 
medicine and is an aid to anyone having to use medical 
terminology. This volume, now in its third edition, can be 
strongly recommended for reference to students and radio- 
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graphers or anyone finding it necessary to use medical 
terminology in the performance of their duties. 

In particular emphasis is laid, where appropriate, on 
terminology relative to radiology and the practice of radio- 
graphy. 

This reference book is a valuable asset to members of the 
staff and should be readily available to all those needing to 
refer to medical terminology about which they are unsure. 

L. Surry. 
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ABSTRACT 

Intravenous cholangiography (IVC) was performed on 102 
children aged between one and 13 years. Eighty of the 
patients who were non-icteric were divided into four groups 
and received contrast medium containing either 53, 75, 106 
or 150 mg iodine/kg body weight by intravenous injection 
over ten minutes. 

Complete demonstration of the common bile duct (CBD) 
was achieved in 85% of patients and in a similar proportion 
of all age groups. There was some delay in opacification of 
the CBD in young children but this was not of practical 
significance. The two higher dosage regimen gave signi- 
ficantly better results than the two lower dosages (p <0.001) 
and this improvement was evident in the young and older 
age groups. 

Nausea and vomiting occurred as side effects in 6%. In 
eight patients in whom there was inadequate demonstration 
by the standard IVC, an infusion technique over 3-8 hours 
was carried out. This improved the demonstration in three 
children with diagnostic results in two. 


Intravenous cholangiography (TVC) is an uncommon 
investigation in childhood and techniques are based 
on adult experience. 

The demonstration of bile ducts is inconsistent in 
infants (Reichelderfer and van Hartesveldt, 1955; 
Nahum et al., 1969), but Fahr et al. (1977) reported 
good results in 23 children aged between three and 
15 years. However, the success rate in children at 
different ages and optimum exposure times have not 
been reported. Gordon and Ross (1977) stated that 
excretion may be more rapid in children, Nahum et 
al, (1969) that the biliary tree may only be seen on 
late films, while Fahr et al. (1977) found that the best 
exposure times were similar to those in adults. The 
most satisfactory dosage of contrast medium for 
children of different sizes has not been critically 
assessed in clinical practice and although the in- 
cidence of side-effects is thought to be low in 
children (Chaumont et al., 1974; Fahr et al, 1977), 
only small paediatric series have previously been 
reported, 

'This lack of information led us to study a series of 
children in Cape Town where IVC is frequently 
undertaken to demonstrate roundworms in the 
biliary tree (Cremin and Fisher, 1976). The patients 
presenting in this way provided a homogenous group 


+Present address: The Medical School, Oxford Road, 
Manchester. 





for a clinical trial although the indication for IVC 
was unusual by western standards. 


MATERIAL AND METHODS 
In 1977 102 IVCs were carried out on children 
aged between one and 13 years. Most patients 
presented with acute abdominal pain and often 
with a history of having vomited or evacuated 
roundworms. The majority had been referred to us 
directly from the Out-patient Department, others 
had been treated as In-patients, with intravenous 
fluids, nasogastric suction or antispasmodics such as 
‘Buscopan’ (hyoscine-N-butylbromide), while a few 
presented for radiological follow-up examination 
after treatment for biliary roundworms. 
The patients were allocated to a dosage regime 
containing one of the following: 
I 53 mg/iodine per kg body weight (0.3 ml/kg 
Biligram injection (meglumine ioglycamate)). 
II 75 mg/iodine per kg body weight (0.3 ml/kg 
Biligrafin forte (meglumine iodipamide)). 


III 106 mg/iodine per kg body weight (0.6 ml/kg 
Biligram injection (meglumine ioglycamate)). 
IV 150 mg/iodine per kg body weight (0.6 ml/kg 


Biligrafin forte (meglumine iodipamide)). 
Allocation was on a rotational basis except for some 
adjustment to ensure that all age groups were 
similarly represented in each dosage regime. 

The first 20 patients in each of the four dosage 
regimens who fulfilled the following criteria were 
used for comparing the different dosages of contrast 
media. These 80 patients were all non-icteric, had no 
history of previous hepato-biliary surgery or liver 
disease and presented with either a provisional 
diagnosis of roundworms in the biliary system or for 
follow-up examination after medical treatment for 
biliary ascariasis. 

Thirty-three were male and 47 female and the age 
distribution in each age group is illustrated in 
Fig. 1. 

A control radiograph was exposed with the patient 
ina 15 deg “prone-oblique” position. The calculated 
amount of contrast medium was made up to 20 ml 
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Age <2 2+3 4+5 6+7 8+9 >10 
(years) 


53mg/kg lodine 





{O.3mi/kg Biligram injection] 





aneee 
| 
MMMM 


75mg/kg lodine 


(0. 3mi/kg Biligrafin Forte} 


106mg/kg lodine 


£0.6mi/kg Biligram Injection] 


150 mg/kg lodine 
(0.6 mifkg Biligrafin Forte) 





A Age <2 5 4+ 
Y 1.V.C. Reported normal 
EV.C. Reported abnormal 
Fic. 1. 


‘To show the age distribution of 20 patients in each of four 
dosage regimens, and the proportion of normal and abnormal 
examinations. 


volume with normal saline and after a blood sample 
had been taken for liver function tests, the contrast 
medium was injected manually over a period of ten 
minutes. Plain radiographs were taken 20, 30, 45, 60 
and 90 minutes after the start of the injection. When 
necessary, tomographs were taken after 45 minutes 
with the patient still in the 15 deg prone position. 
Delayed radiographs were exposed when indicated. 
Any side effects of the procedure were noted. 

Eight patients whose standard IVC was not 
diagnostic proceeded to prolonged infusion chol- 
angiography within 24 hours of the original examina- 


tion. The same dose of contrast medium was used, 
diluted in 150 ml of normal saline and infused over 
3-8 hours (Table I). 


EVALUATION 

All the radiographs were evaluated by two of the 
authors (JBW and RH) without knowledge of the 
dosage of contrast medium which had been given. 

The examinations were ranked in order of the 
quality of CBD demonstration and the ranks of the 
examinations in each group compared using the 
Wilcoxon rank test. This test was also applied 
independently to the young patients (<6 years) and 
older patients (>6 years) to determine if the same 
dosage per kilogram gave the best results in both age 
groups. In addition, the demonstration of the CBD 
and gall bladder on each radiograph was graded on 
the following scales: 


Common bile duct demonstration 
Grade 0—No bile duct opacification. 
Grade 1-—-Incomplete demonstration of the bile 
ducts. 
Grade 2—-Complete demonstration of the CBD. 
Grade 3—Excellent demonstration of the CBD. 


Gall-bladder demonstration 

Grade 0—No gall-bladder opacification, 

Grade 1-—Poor or incomplete gall-bladder opaci- 
fication. 

Grade 2—Good gall-bladder opacification (judged 
adequate to demonstrate gall-stones). 

Grade 3—-Excellent gall-bladder opacification. 


RESULTS 
The CBD was demonstrated fully (Grade 2 
Grade 3) in 68 of 80 patients (85 94) and opacification 
was adequate to demonstrate roundworms in a 
further six cases (7.5%). There was no significant 
difference in the proportion of ducts visualized at 
different ages (F ig. 2). Eighty-eight per cent of the 
ducts were seen in the 1-4 age group (15 out of 17) 
and 84% in the 4-13 year olds (53 out of 63). The 
gall- Aleidis was opacified in 54 out of the 80 cases 
(67.5%) by the 90-minute exposure but only Mae 
opacified (Grade 2 or Grade 3) in 34 cases (42.5 %). 


DOSAGE 
The two dosage regimes containing 106 mg 
iodine/kg or more gave significantly better demon- 
stration of the common bile duct, and this improve- 
ment applied to the young (p< 0.001) as well as the 
older half of the series (p< 0.001). 
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TABLE I 
DETAILS OF EIGHT CASES INVESTIGATED BY PROLONGED INFUSION CHOLANGIOGRAPHY 


































































F 
Í Liver Infusion 
Case function Contrast duration 
number Age tests* medium (br) Result 
7 l 1 N 0.3 mi/kg 54 Improved from Grade 0 to Grade 3 
Billigram 
13 3 N 0.6 ml/kg 94 Improved to Grade 1 
Biligram 
23 4 B -0.5 0.6 ml/kg 54 No improvement 
SGPT —458 Biligram 
AP --169 
i ain — oe 
B — <0.5 0.6 ml/kg 3 No improvement 
SGPT --16 Biligram 
AP ~—202 
B —0.6 0.3 ml/kg 4} No improvement 
SGPT —210 Biligrafin 
AP  —158 forte 
B —3.9 0.6 ml/kg 4 No improvement 
SGPT —21 Biligram 








AP 655 
N 0.6 ml/kg 
Biligram 


0.3 ml/kg 
Biligrafin 
forte 


















4 No improvement 









Improved from Grade 1 to Grade 3 













*Normal ranges: B. (bilirubin) <0.8 mg% S.G.P.T. — <30 iu. 
AP, (alkaline phosphatase) — <140 i.u. N is Normal 
. 
TABLE II 


‘TO SHOW THE NUMBER OF CASES ACHIEVING EACH GRADE FOR CBD AND GALLBLADDER OPACIFICATION 


No. of cases achieving each No. of cases achieving each 
‘ CBD grade gallbladder grade 


Dosage regimen 
52 mg/kg iodine as 
Biligram injection 
(0.3 ml/kg) 

73 mg/kg iodine as 
Biligrafin forte 

(0.3 mike) 

106 mg/kg iodine as 
Biligram injection 
{0.6 ml/kg) 

150 mg/kg iodine as 
Biligrafin forte 

0.6 ml/kg) 
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To illustrate the percentage of cases with full demonstration 
(Grade 2) of the CBD at each exposure time. 


Table IT shows that not only was the quality of the 
CBD demonstration better in the higher dosage 
regimes, but the proportion of diagnostic results 
(Grade 2 and Grade 3) was higher. 

Despite the lower total iodine content, opacifica- 
tion of the gall-bladder was better in the two 
regimens using Biligram (ioglycamate) rather than 
Biligrafin forte (iodipamide) but the difference was 
not significant. Gall-bladder visualization was best 
with 0.6 ml/kg Biligram containing 106 mg iodine/kg. 


EXPOSURE TIMING 

Sixty-eight patients in whom the CBD was fully 
demonstrated (Grade 2 or Grade 3) were studied. 
Figure 2 illustrates the percentage of bile ducts 
demonstrated at each exposure time in these patients. 
There was delay in the opacification of the CBD in 
patients aged 1-4 years but by 45 minutes a similar 
proportion of ducts had been demonstrated in all age 
groups and maximum information about the CBD 
had been obtained in 87% cases. In no case did 
radiographs exposed after 90 minutes result in im- 
proved demonstration of the CBD, Occasionally the 
gall-bladder was better shown on delayed radio- 
graphs but only when it contained visible contrast 
medium at 90 minutes. The proportion of bile ducts 
demonstrated at each exposure time was similar in 
each dosage regime and was unaffected by the 
normality or abnormality of the studies. 


SIDE EFFECTS 
Six patients (6%) in the full series of 102 de- 
veloped side effects shortly after contrast medium 
injection. One suffered from nausea and excessive 
salivation, and five vomited. Side effects followed 
regime IV in four patients, regime III in one and 
regime I in another. 


14 
13 5cm Lien 
i plane E 
n E E 
10 E E 
9 E E 
8 4cm z= N 
; plane o] = 
at eth eal E 
S 5 m Ld 4cm E 
S 4 = z pane w 6cm 
es-O 010 = 
eels Cee eS 
sles ct eat e dese 
aes eee 





19 patients aged 





21 patients aged 
6-13 years 


1-6 years 


Fic. 3. 


The best tomographic plane for the CBD in 40 children of 
different ages. 


PROLONGED INFUSION CHOLANGIOGRAM 

Table I gives details of the eight patients who 
proceeded to prolonged infusion cholangiography 
because the standard IVC was not diagnostic. The 
biliary tract was well shown in one case in which a 
standard IVC had failed to produce any opacifica- 
tion. There was improved opacification in two other 
cases leading to a diagnostic demonstration in one 
of them. 


"TOMOGRAPHY 

‘Tomography was used in 40 examinations and in a 
similar proportion of cases in all age groups. In the 
prone position the CBD was demonstrated best in a 
plane either 4, 5, or 6 cm above the table top at all 
ages (Fig. 3). The 5 cm plane was best in 65 % cases, 
the 4 cm plane in 28%, and these two planes 
included the best tomograph in about 90% of 


patients in all age groups. 


DISCUSSION 
For routine use the choice for contrast medium 
delivery is between a direct injection given over ten 
minutes (Scholz et al, 1975) or an infusion over 
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30-60 minutes (Bell eż al., 1978). Berk and Clemett 
(1977) recently reviewed the adult literature and 
found that no single cholangiographic method for 
adults is universally accepted. 

In adults, hand injection over ten minutes gives 
maximum opacification of the CBD 20 minutes 
sooner than a 30-minute infusion (Scholz et al., 
1975; Lake and Engelbrecht, 1976) while slower 
infusion results in greater delay but less reaction 
(McNulty, 1968). We supervise the whole examina- 
tion in the Radiology Department and prefer the 
shorter examination for children who require con- 
stant nursing care and in whom the reaction rate is 
lower than in adults. 

The best dosage of contrast medium for adults is 
also controversial, Current opinion favours the 
lowest dosage consistent with satisfactory results in 
order to minimize side effects (Ansell and Faux, 
1973; Scholz et al., 1974). Our results indicate that 
the dosage cannot be reduced below 100 mg iodine/ 
kg in children without sacrificing diagnostic quality 
using the method described. 

The incidence of side effects in adults varies 
greatly in different reports. In most large series 
there is an incidence of 10-14% with a ten-minute 
hand injection (Scholz et al., 1975; Shehadi, 1975; 
Wise, 1973). Six percent of the patients in this series 
suffered possible side effects but this figure was 
exaggerated by the frequency of vomiting as a 
presenting symptom. Minor subjective sensations 
cannot be assessed in young children but reactions to 
cholangiographic media appear to be less frequent in 
the paediatric age group (Chaumont et al, 1974; 
Fahr et al, 1977). 

loglycamate has a lower chemical toxicity than 
iodipamide but there is no evidence that it gives 
better opacification of the biliary tree. No practical 
differences in the time of maximum opacification or 
the quality of results emerged in our patients and the 
series was too small to compare the incidence of 
side-effects. 

An exposure 45 minutes after commencing the 
injection gave maximum information of the CBD in 
over 80% of patients and the greatest number of 
ducts were best seen at this time. Scholz et al. (1975) 
found exposures at a similar time to be the most 
useful for the CBD in adults, 

Fuchs and Preisig (1975) reported good results 
with the use of prolonged infusion cholangiography 
in adults after unsuccessful standard IVC but the 
method has not gained general acceptance. Chaumont 
et al, (1974) have used this method to show the gall 
bladder in neonates when endeavouring to dis- 
, tinguish neonatal hepatitis from biliary atresia. The 


examinations reported here following an infusion 
over 3-8 hours showed improvement of diagnostic 
value in two of eight cases. This suggests that pro- 
longed infusion is of some value but that the returns 
are small for the longer procedure. 

The biliary tree was satisfactorily demonstrated in 
a similar proportion in all age groups in spite of the 
small size of the CBD in young children, that is 
4 mm or less in children under six years (Witcombe 
and Cremin, 1978). About 90°% of bile ducts are 
seen in one of two tomographic planes in the prone 
position irrespective of age for the relatively large 
liver and ‘pot-belly’ of young children offset the 
larger general size of older children, 

Demonstration of bile ducts by IVC is as success- 
ful in children as in adults and exposures can be 
made at a similar time after injection. The optimal 
tomographic plane is more readily achieved in 
children and the incidence of side-effects is less. A 
dosage of contrast medium containing approximately 
100 mg iodine/kg (0.6 ml/kg Biligram injection or 
0.4 ml/kg Biligrafin forte) is recommended when 
given by a ten-minute injection. 
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Book reviews 


Textbook of Nuclear Medicine: Basic Science. By A. F. G. 
Rocha and J. C. Harbert, pp. xix+412, 1978 (London, 
Henry Kimpton Publishers), £19-25. 

ISBN 0-8121--0630-X 

The first eight chapters of the book deal with the physics 
of radioactivity, detection of radiation, statistics of counting 
and radiation safety. More comprehensive description than 
normal is given to the production of radionuclides, genera- 
tor systems, chemistry and quality control of radio- 
pharmaceuticals, then the tools of nuclear medicine— 
scanners, cameras—are explained. The treatment of com- 
puter systems and whole body counters is brief. A chapter is 
devoted to each of ultrasound and computerized tomography 
and the book closes with four chapters on radioimmuno- 
assay, radio-microbiology, labelled carbon breath analysis 
and in vivo neutron activation. Whether all this is, or is 
going to be, part of nuclear medicine is debatable; know- 
ledge of competitor’s methods is still useful. 

The style is informal, maybe too much so, and this com- 
bined with the mistakes—factual and typographical—which 
abound in the first half of the book creates the impression 
that the science of nuclear medicine is not an exact one. A 
good*textbook gives instruction in a logical and methodical 
manner, building on and referring to previous information. 
This book is a collection of essays with repetitions (graphs of 
linear absorption coefficients are provided four times, once 
wrong) and omissions (SI units are mentioned on p. 149, 
even there the becquerel is abbreviated to Bk), A successful 
textbook is reliable and authoritative—this one, sadly, is not 
such a book. Thirty-two contributors from North and South 
America produced the 22 chapters and neither authors nor 
editors spent enough time to check the text. The chapter of 
counting statistics is a good example of the mis-statements, 
printing errors, arithmetical errors leading to wrong con- 
clusions (e.g. p.78 4/12,000/3 + 11850/3=89.2 not 62.8 
therefore += 7.68 not 2.4 therefore the counting difference 
of 150 could occur by chance with 10% probability which is 
not significant. 

This book cannot therefore be recommended to students 
or practitioners of nuclear medicine. 

K. F. Szaz. 





Pediatric X-ray Diagnosis. By John Caffey, 7th edn., Vol. 1, 
pp. 1-976, Vol. 2, pp. 977-1844, 1978 (Year Book Medical 
Publishers Inc. London), £7450. 

ISBN 0-8151-1427-3 

Dr. Caffey did not live to see the 7th edition of his monu- 
mental text book in print; sadly he died before its publica~ 
tion, but after the manuscript had been completed, and he 
was able to contribute his own preface to the edition. No 
man could wish for a finer memorial to his name. Some 
proper nouns have entered the English language as generic 
terms: just as ‘“Mackintosh”’ has become synonymous with 
“raincoat”, so has ‘‘Caffey”’ almost come to stand for a text- 
book of paediatric radiology. 

The virtues of the previous editions are well known and 
the new edition lives up to its predecessors. New imaging 
techniques are included; there is now some mention of com- 
puterized tomography and of isotope and ultrasound 
scanning where that is helpful. Many new observations have 
been included and illustrations added. For instance, Dr. 
Caffey'states in his preface that in the section on the skeleton 
there are 449 new insertions and deletions and 439 new 
references. This has added approximately 250 pages, 
bringing the work to something over 1800 pages in two 
volumes. Unfortunately the cost has gone up to £74, com- 
pared with £33-50 for the 1972 edition. It must be ad- 
mitted that the production is extremely handsome: binding 
and paper are of the highest quality, and for once the 
reviewer has no grumbles concerning the reproduction of 
the radiographs. These are of uniformly high standard, 

‘The present two volumes are clearly too large as prepara- 
tion for an examination, but are by far the best reference 
work of paediatric radiology in the English language. I 
suspect that College visitors when assessing the depart- 
mental libraries of training departments, will want to see a 
fairly recent edition of “Caffey” included-—-best of all this 
7th edition. I would certainly not like to be without it. One 
may hope that Dr. Caffey’s associates in the writing of this 
book will continue to revise and bring it up to date from 
time to time, and so keep the name of a great radiologist alive 
amongst us. 

F. STARER. 
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Traumatic para-mediastinal air cysts 


By Morteza K. Elyaderani, M.D. and O. F. Gabriele, M.D. 
Department of Radiology, West Virginia University Medical Center, Morgantown, West Virginia 26506 


(Received September, 1978) 


ABSTRACT 
Two cases of traumatic para-mediastinal air cyst are 
presented. The air and fluid collection develops between two 
layers of the pulmonary ligament following trauma to the 
lung and rupture of alveoli adjacent to the pulmonary 
ligament. 


Two cases of traumatic para-mediastinal air cysts, 
following blunt chest trauma are presented. The 
cysts appear to be a result of rupture of alveoli 
adjacent to the pulmonary ligament. Accumulation 
of blood in addition to air resulted in the production 
of an air fluid level. 


Case REPORTS 

Case 1 

On June 15, 1975, a 16-year-old white boy riding a motor- 
cycle, veered into a ditch, was thrown from the motorcycle 
and landed on his abdomen. That evening he was short of 
breath and nauseated. He was brought to the Emergency 
Room by his parents on the morning of June 16, 1975. 
Physical examination showed several abrasions and small 
lacerations on his face. The remainder of the physical 
examination was essentially unremarkable. 





A chest radiograph showed a collection of air with a 
fluid level in the left para-mediastinum (Fig. 1a). A barium 
swallow was normal (Fig. 1B). The patient tolerated a regular 
diet with no urinary or gastrointestinal symptoms. There 
were no respiratory symptoms and the patient was dis- 
charged after 10 days with no specific therapy. The para- 
mediastinal air cyst had completely cleared after approxi- 
mately two weeks. 


Case 2 

A 14-year-old male fell 25 feet from an apple tree. He was 
unconscious for an unknown period of time. Upon awakening 
he vomited three times with small flecks of blood in his 
vomitus. 

A nasogastric tube was inserted and there was a small 
amount of bright red blood in the aspirate. The haemo- 
globin and haematocrit remained stable. Physical examina- 
tion showed no abnormality. 





Fic. 1a. 


AP and lateral chest roentgenographs showing traumatic left para-mediastinal air cyst. In lateral view the air fluid level over 
lower dorsal spine is seen. (Solid arrow). 
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$ Fic. 1B 


Barium swallow showed no evidence of extravasation and triangular traumatic air cyst with 
air fluid level again showed clearly. 


Chest and abdominal radiographs obtained in the 
Emergency Room a few hours after trauma showed an air 
collection in the para-mediastinal region with an air fluid 
level (Fig. 2). The patient’s condition remained stable and 
the day after admission he was discharged. 


DISCUSSION 

Both cases have similar radiographic findings. The 
interesting point about them is the consistency in the 
shape and location of the air fluid collection in the 
left para-mediastinal region. These two cases also 
correspond with previously reported cases by Hyde 
(1971) which showed air loculated in the left pul- 
monary ligament. 

Para-mediastinal air cyst formation is presumably 
due to pulmonary laceration adjacent to the pulmon- 
ary ligament allowing air to escape between the two 
layers of the ligament. Blood may accumulate within 


the cyst due to rupture of capillaries of the lacerated 
alveoli. 

The entity of traumatic para-mediastinal air cyst 
was described by Hyde (1971) who presented two 
patients. Our cases also followed trauma and the 
lesions disappeared spontaneously. The pulmonary 
ligament was described in detail by Rabinowitz and 
Wolfe (1966). It consists of two layers of serosal con- 
necting the viseral pleura on the mediastinal surface 
of the lower lobe of each lung to the parietal pleura 
covering the mediastinum. This ligament forms a 
barrier between the anterior and posterior parts of 
the portion of the pleural cavity below the root of the 
lung. In normal persons it is not seen on radiographs. 
When it is stretched to its maximum size the liga- 
ment has a triangular appearance. 

The air-fluid collections in our cases correspond , 
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anatomically to the pulmonary ligament. The air 
may have no connection with the pleural cavity and 
will be absorbed within a few days. It is of interest 


Fic. 2. 
AP chest X-ray following admission shows a triangular left 
para-mediastinal air cyst with air fluid level. 


that para-mediastinal air cysts have only been noted 
on the left side of the chest. The reason for this is not 
clear. Anatomically there is no significant difference 
between the left and right pulmonary ligament, 
except that the left lies adjacent to the oesophagus 
anteriorly and is bounded posteriorly by the descend- 
ing aorta and the right is related anteriorly to the 
inferior vena cava and posteriorly to the azygos vein. 

The para-mediastinal air cyst does not change in 
position, whereas a pneumothorax might be seen to 
move to the apical region. With a pneumomedi- 
astinum the air will extend into the soft tissues of the 
mediastinum and neck, and the pulmonary ligament 
will not be outlined. 
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Book review 


Vedical Physics. By J. R. Cameron and J. G. Skofronick 
pp. xvii+615, illus., 1978 (John Wiley and Sons, New 
York), £15-50. 

ISBN 0-471-13131-8. 

This is an unusual book. It is different from the majority 
of books on medical physics because, in the authors’ words, 
it is written primarily for students who plan to make a 
career in some field of medicine. 

The authors describe the way in which physics can be 
used to understand the structure and function of the human 
body. The necessary physiology and anatomy, at an in- 
troductory level, is described simply and clearly, along 
with the ways in which physics can be used to measure and 
study the behaviour of the body. At the same time, the use 
of quantitative methods in the assessment of abnormal or 
diseased conditions is described. 

The book is very suitable as a text for medical students 


with an understanding of elementary physics. It is also, 
because of its wide coverage of subjects, of interest and 
value to practising medical physicists. For example, the 
application of the SQUID (superconducting quantum 
interference device), which will detect a steady or alternating 
magnetic field of 10-° times the earth’s field, to record the 
magnetic field near the heart is described and illustrated. 

The authors have not overlooked the more common 
applications of physics in medicine, and there are chapters 
dealing with diagnostic X rays, nuclear medicine, radiation 
therapy and radiation protection; each chapter provides an 
excellent introduction to its topic. 

All in all, a fascinating and interesting book for the 
practising hospital physicist; for someone who is involved in 
teaching, an invaluable reference book. 

N. W. Ramsey. 
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Kidney distension during IV urography in normal rats and in 
rats with artificial unilateral renal artery stenosis 


By S. Dorph, M.D., V. Hegedüs, M.D. and J. Palbøl, M.D. 
Department of Experimental Radiology, Glostrup University Hospital and Department of Radiology, 


Herlev University Hospital, Copenhagen, Denmark 
(Received December, 1978) 


ABSTRACT 

Acute changes in kidney size during IV urography were 
studied in normal rats and in rats with artificial unilateral 
renal artery stenosis. In normal rats, IV bolus injection of 
sodium iothalamate (400 mg I/ml), 1.5 ml/kg body weight, 
produced an increase in area of the renal silhouette by an 
average maximum of 12.7% after 60 seconds. In nine out of 
ten rats which developed hypertension after left sided renal 
artery clamping, renal distension was either small or absent 
on the stenosed side, while the contralateral right kidney 
showed normal distension during IV urography. Two out of 
three rats, which remained normotensive after renal arterial 
clamping, showed normal distension of both kidneys. 

These results confirm earlier observations in man that the 
acute changes in size of the kidney during IV urography can 
be used as an aid in the urographic screening of hypertensive 
patients for significant renal arterial stenosis. 

In all rats with arterial clamp and hypertension, the 
stenosed kidney was smaller than its contralateral mate. An 
index between the size of the non-stenosed and the stenosed 
kidneys 1.15 was only seen in these particular rats. 


It is well known that kidney size increases during 
IV urography (Wolpert, 1965; Arkless, 1969). By 
addition of a diuretic (“vasodilated excretory uro- 
graphy”, washout urography) renal distension will 
be enhanced and can be demonstrated by measuring 
the area of the renal silhouette directly on the 
radiographs (Wolf and Wilson, 1972; Dorph and 
Oigaard, 1973a). It has been shown in man that 
diminished or abolished renal distension indicates 
the presence of a significant renal artery stenosis 
(Dorph and Qigaard, 1973b; Wolf, 1973). 

In the present work this clinical observation has 
been tested in the experimental animal. The renal 
distending effect of an intravenous bolus of water- 
soluble radiographic contrast medium was studied in 
the normal rat and in rats with artificial unilateral 
renal artery stenosis. 


MATERIAL AND METHODS 

White Wistar rats weighing between 220 and 
350 g were examined. After 12 hours fasting they 
were anaesthetized with pentobarbital 0.8-1.2 mg 
intraperitoneally. Additional pentobarbital in doses 
of 0.2 mg was given as needed to maintain anaes- 
thesia. A polyethylene catheter (0.3 mm inner 
diameter) was placed in the jugular vein by cut down 
and flushed with heparinized saline. The rat was 
fixed in the dorsal recumbent position on a thin 


wooden plate. Magnified (5 times) radiographs of the 
kidney region were obtained on a film changer before 
and 5, 15, 30, 60, 120, 180, 240 and 300 seconds after 
starting rapid (one second) bolus injection of sodium 
iothalamate (400 mg I/ml), 1.5 ml/kg body weight, 
through the jugular catheter. 

The outer contour of the kidney shadow was 
delineated with a pencil directly on the radiographs. 
A straight line was drawn between the medial con- 
tours of the upper and lower poles. The circum- 
scribed area of the kidney shadow was determined by 
repeated planimetry as described earlier (Dorph and 
Qigaard, 1973a). 

The absolute values of kidney area on the magni- 
fied radiographs were about 20 cm?. Since the renal 
shadow could often not be delineated with sufficient 
accuracy on the scout film, the five second film was 
used as zero value. On this exposure the contour of 
the kidney was always clearly visible. 

An index of the relative size of the two kidneys 
area of right kidney 
The five second film was used for these measure- 
ments. 12 normal rats and 13 rats with artificial 
unilateral renal artery stenosis were examined. 


was calculated as ==size index, 


Renal artery stenosis 

The operative procedure had been carried out 
from three to seven (average 4.8) weeks prior to the 
examination. During laparotomy a silver clamp was 
applied on the left renal artery aiming at reducing 
the diameter of the vessel by about 50%. Blood 
pressure was measured regularly during the post- 
operative phase using a photoelectric sphygmomano- 
metric device on the tail of the conscious rat. This 
method provides reproducible blood pressure values 
very close to the animal’s systolic blood pressure 


(Palbol and Henningsen, 1979). 


RESULTS 
Ten rats developed hypertension (systolic blood 
pressure > 150 mm Hg), average 176 mm Hg (150- 
220 mm Hg) after the operation. Three rats remained E 
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normotensive in spite of the arterial clamp with 
systolic blood pressures of 120, 120 and 125 mm Hg. 


Normal rats 

Changes of kidney size during the first five minutes 
following IV bolus injection of contrast medium for 
the 24 kidneys examined are given in Fig. 1. Prompt 
renal distension was observed as early as 15 seconds, 
reaching a maximum after two minutes. After five 
minutes there was a slight, but significant decrease in 
size. Average distension after two minutes was 12.7% 
(SD 4.5). In no case was the measured area increase 
less than 7%. The average size index was 1.025 
(range 0.98-1.11, SD 0.038). 


Rats with unilateral artery clamp 

a. Hypertensive rats. As appears from Fig. 2, nine 
of the ten hypertensive rats showed maximum dis- 
tension of the stenosed kidney of less than 5% during 
urography. The average distension after two minutes 
was 2.2% (0.7-3.8%). One rat with a systolic blood 
pressure of 220 mm Hg showed considerable disten- 
sion of the stenosed kidney (18.3%). The size index 
varied between 1.15 and 2.69 (average 1.52, SD 
0.48). 





60 2 3 4 5 
minutes 


515 30 
seconds 


Fie. 1. 
Changes in area of kidney shadow (per cent) during the first 
five minutes after intravenous bolus injection of sodium 
jothalamate (400 mg Iml), 1.5 mi/kg body weight, in 12 
normal rats (24 kidneys). 


b. Normotensive rats. Figure 2 also demonstrates 
that two of the three rats, which did not develop 
hypertension after arterial clamping showed normal 
distension of the affected kidneys. Their size indices 
were 1.05 and 0.99 respectively. One rat with 
systolic blood pressure 120 mm Hg showed a 4% 
distension of the stenosed side. Its size index was 
1.15. 

All contralateral kidneys showed distension within 
the normal range (9-19 °%). 

Two of the rats were examined both before and 
after the application of the arterial clamp and thus 
constitute part of both the normal and the operated 


h 
20 


15 


10 





contralateral 
kidney 


stenosed 
kidney 


Fic. 2. 


Distension of stenosed and contralateral kidneys during 
intravenous urography in 13 rats with artificial unilateral 
renal artery stenosis. A = hypertensive rats, @=normo- 
tensive rats. (Per cent change in area of renal silhoutte.) 
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material. One developed hypertension, the other 
remained normotensive after application of the 
clamp. Both rats showed distension of less than 5% of 
the stenosed kidney after the operation, and their 
size index changed from 1.03 and 1.01 to 1.20 and 
1.15, respectively. 


DISCUSSION 

The acute effects of radiographic water-soluble 
contrast media on kidney size were first described by 
Wolpert (1965). Since then it has been demonstrated 
by several investigators that contrast media in doses 
usually employed for IV urography cause a prompt 
increase in kidney size. By the addition of diuretics, 
the renal distending effect can be enhanced and 
quantitated in clinical practice by measuring the area 
of the renal silhouette directly on the radiographs. A 
small initial renal shrinkage, which has been demon- 
strated in the dog (Cramer and Hegedüs, 1977; 
Dorph et al., 1977) was not observed in the present 
experiments, possibly because it occurred too rapidly 
to be demonstrated with the technique used. The 
relatively high cardiac output in these small animals 
probably also accounts for the more rapid distension 
of the kidney. By contrast medium alone, the average 
increase in area of the renal silhouette was 12.7%, 
which is considerably higher than seen in man 
(Dorph and Oigaard, 1973a) and in the dog (Dorph 
et al., 1977). Also, Hegedus et al. (1978) found the 
volume variations of the rat kidney in response to 
contrast media to be relatively greater than in the 
man and dog. In any case, the increase was of an 
ordes of magnitude which could be readily demon- 
strated without the addition of a potent diuretic. 

Wolf (1973) has suggested that kidney distension 
following IV contrast medium injection is caused by 
renal vasodilation. However, experimental investiga- 
tions by Dorph et al. (1977) and by Hegedüs et al. 
(1978) indicate that the mechanism is rather a 
distension caused by the substantial osmotic diuretic 
effect of the media. 

Decreased or abolished kidney distension during 
“vasodilated excretory urography” or washout uro- 
graphy as a sign of significant renal arterial stenosis 
has been demonstrated in small groups of patients 
(Dorph and Øigaard, 1973b; Wolf, 1973). However, 
the practical value of these measurements has been 
questioned (Talner et al., 1978), and the final evalua- 
tion must rest on larger series, which—-for obvious 
reasons—can only be achieved from cooperative 
studies running for years. There are still several 
factors of uncertainty regarding the final diagnosis in 
each individual case (Dorph, 1976). 


Some of these problems have been overcome when 
working with the experimental animal as in the 
present study, where the application of an arterial 
clamp and postoperative observation of the arterial 
blood pressure establishes the causal connection be- 
tween the stenosis and the hypertension. Results of 
the present study are in good agreement with the 
clinical observation that lack of renal distensibility is 
a good, although not infallible, indicator of signifi- 
cant renal arterial stenosis, and that it can be used as 
a supplement to the urographic evaluation of hyper- 
tensive patients whenever the quality of the urogram 
allows such measurements. As the only urographic 
sign not based upon a side difference, it is of special 
value in cases of bilateral stenosis. 

In the present experiments an index between the 
size of the non-stenosed and the stenosed kidney 
21.15 was shown to be just as reliable an indicator 
of significant stenosis. However, this is certainly not 
the case in the clinical situation, where several 
factors may influence the relative size of the two 
kidneys. 
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ABSTRACT 

Pathologically enlarged lymph nodes have been examined 
with a commercially available 10 MHz continuous-wave 
Doppler flowmeter. Many enlarged lymph nodes gave rise 
to significant Doppler-shift signals indicating increased 
blood flow. The signals have been spectrum analysed and 
the large diastolic flow components suggest that there is 
considerable arterio-venous shunting within lymph glands 
invelved in leukemia, lymphoma and carcinoma. It also 
seems that the signals tend to diminish in response to treat- 
ment. The Doppler signals have been used in an imaging 
system to produce a vascular map of the region of the en- 
larged gland, It is suggested that these findings might be 
applicable to the detection of neoplastic tissues in less 
accessible sites. 


Ultrasonic Doppler flowmeters are readily available 
and cheap. They provide a transcutaneous means of 
detecting movement of structures and tissues within 
the body. They are in common diagnostic use for the 
detection of the fetal heart from the eighth week of 
gestation onwards and find application in the diag- 
nosis of deep vein thrombosis. Doppler flowmeters 
are also being used to monitor blood-flow charac- 
teristics at various sites in the body (Wells, 1977). 

Recent work at this centre has demonstrated that 
abnormal Doppler signals originating from breast 
carcinomas are helpful in distinguishing benign and 
malignant lumps in the breast (Wells et al., 1977). 
The present study was undertaken to investigate 
whether similar signals were associated with other 
neoplastic tissues. The equipment used was a com- 
mercially available Doppler flowmeter* operating at 
an ultrasonic frequency of about 10 MHz. The use of 
such a high ultrasonic frequency tends to improve 
the sensitivity of the technique since the echo back- 
scattered by blood increases as the fourth power of 
frequency (Shung et al., 1976). However, 10 MHz 
ultrasound is attenuated rapidly in human tissue, 
limiting the useful range to about 30 mm. Neo- 
plastically enlarged superficial lymph nodes were 
therefore chosen as suitable objects for study since 
they are readily accessible to ultrasonic investigation 
and, furthermore, are frequently biopsied, providing 
an exact histological diagnosis. 








tories, Beaverton, Oregon, USA, 
» Ray Elemetrics Co., Pine Brook, New Jersey, USA. 


MATERIAL AND METHOD 

Forty-one patients with palpable lymph glands 
were investigated. Most cases involved the axillary 
cervical or supraclavicular glands. The region under 
investigation was liberally coated with oil and the 
ultrasonic transducer moved over the skin surface. 
The audio output of the Doppler flowmeter was 
monitored by two independent observers with 
individual headsets. In addition, signals were re- 
corded on magnetic tape for subsequent spectrum 
analysis using a Kay Sonograph (model 6061B).+ 
Signals were obtained from the region of the enlarged 
gland and attempts were also made to trace out the 
courses of surrounding arteries and veins. Compari- 
sons were made between corresponding areas on the 
two sides of the body. 

Arteries and veins give rise to readily recognizable 
Doppler signals: veins are associated with a con- 
tinuous “rushing” sound which can often be 
modulated by respiration; arteries produce a sharply 
pulsatile signal. A typical sonograph from a jugular 
vein is shown in Fig. la. It can be seen that the 
Doppler frequencies are constant over the cardiac 
cycle corresponding to the steady flow of blood 
through the venous vessel. In contrast Fig. 1b is a 
typical carotid artery sonogram showing the rapidly 
rising velocities during systole, which fall rapidly 
away and oscillate during diastole. The Doppler 
signals detected in the region of pathologically 
enlarged lymph nodes were frequently found to be 
abnormal spatially and qualitatively. 


Spatial abnormalities 

Doppler signals of arterial or venous type were 
generally found arising from, or adjacent to, the 
lymph gland. These signals, when compared with 
the contralateral site, did not correspond to normal 
vascular structures of the neck or axilla, The distinc- 
tion from normal was sometimes difficult where 
glands were clustered around major vessels. It is 
suggested that this type of signal probably arose 
from abnormal feeding and draining vessels supply- 
ing the enlarged lymph node. 
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Fic. 1. 


Typical sonograms from: (a) jugular vein; (b) carotid 
artery; (c) enlarged lymphomatous gland. Time is displayed 
horizontally and Doppler frequency (corresponding to blood 
velocity) vertically. The degree of blackening indicates the 
amount of blood flowing at the particular velocity and time. 


Qualitative abnormalities 

In a minority of cases, the glands themselves gave 
rise to a “characteristic” Doppler flow signal. A 
sonogram of such a signal (which is readily recog- 
nized by the trained human ear) is shown in Fig. 1c. 
It is generally lower pitched and less pulsatile than 
an agterial signal, with a slow systolic rise and a 
gradual fall into diastole. It is suggested that this 
type of signal probably arises from arterio-venous 
shunting within the gland. 

In an attempt to develop a more objective approach 
to the investigation, a Doppler scanning technique 
similar to that described by Reid and Spencer (1972) 
was used to image the vasculature in the region of 
the gland. The transducer was mounted on a scan- 
ning arm so that its position could be monitored and 
mapped onto an oscilloscope screen. It was also 
arranged that a spot was written onto the screen at a 
position corresponding to the location of the trans- 
ducer whenever a Doppler signal at a significant 
frequency was detected. Thus, by moving the 
transducer over the skin surface, a plan view of the 
vascular structures in the region of the lymph glands 
was obtained. A typical scan of the right side of the 
neck is shown in Fig. 2. It can be seen that the 
abnormal signals detected are remote from normal 
vascular structures and coincide with the palpable 
structure of the lymph gland. 


TABLE I 
SUMMARY OF RESULTS 
ABNORMAL DOPPLER SIGNALS 


LYMPHOMA 


CARCINOMA 
BENIGN 





@ TREATED 
O UNTREATED 


RESULTS 

The results are summarized in Table I. Patients 
with chronic lymphatic leukemia (CLL), with only 
one exception, produced large amplitude, clearly 
abnormal Doppler signals which were often of the 
“characteristic” type. In this centre, most cases of 
CLL are aggressively treated with combination 
chemotherapy. Thus it seems that when palpable 
lymph nodes remain, they give rise to strong 
Doppler signals despite treatment. 

Sixteen cases of lymphomatous enlargement were 
investigated. Most of the patients gave clearly 
abnormal Doppler signals, the only negative case 
being a non-Hodgkins lymphoma undergoing very 
rapid clinical regression in response to combination 
chemotherapy. Five of these cases have been re- 
examined after commencement of therapy and the 
abnormal signals have been observed to diminish and 
may disappear before the glands become impalpable. 

Thirteen cases of lymph nodes invaded by meta- 
static carcinoma were investigated. These deposits 
gave rise to Doppler signals with a range of inten- 
sities. In general, however, it would seem that the 
signals from secondary carcinomas were of smaller 
amplitude and less clearly abnormal than those 
found in CLL and in lymphomas. However, this 
finding may be related to the fact that nine out of 
these 13 subjects had received local radiotherapy. 
No untreated cases failed to give rise to abnormal 
signals although the number in this category is very 
small. 

No clear pattern has yet begun to emerge which , 
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links the form of the signal with the histology of 
lymphoma. Furthermore, it was expected that small 
well vascularized lymph nodes might give more 
intense signals than large partially necrotic ones, but 
as yet there appears to be no definite indication that 
this is the case. 





CAROTID 
ARTERY 


-> 


Six patients with non-malignant lymph node en- 
largement were examined. Four cases showed an 
absence of any signal indicating blood flow. This 
group comprised two nodes with acute cervical 
lymphadenopathy following and two 
patients with chronic reactive axillary lymph nodes 


tonsillitis 





1 SECOND 





O 

hes 

Ww 

© c 
e * D 
< & a 
e = 
zZz% . 


Doppler scan of right side of neck. Points of significant flow are shown white. 
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of many years standing. Two patients were en- 
countered with strong Doppler signals localized to 
non-malignant glands. One case had a mass of 
grossly-inflamed tuberculous cervical glands and the 
other presented with a peculiar benign chronic 
lymphadenopathy. This was characterized patho- 
logically by enlarged blood vessels running radially 
through the gland in a so-called ‘“angiolympho- 
matous malformation.” 


Discussion 

Little is known about the blood supply to patho- 
logically enlarged lymph nodes. The present study 
demonstrates that neoplastic enlargement is asso- 
ciated with increased vascular signals. In addition, a 
distinctive signal is sometimes localized to the lymph 
gland itself and is possibly due to arterio-venous 
shunting. In theory, a “characteristic” signal would 
be expected from an elastic vascular structure with 
narrow feeding arteries (to give a slow rise time) 
supplying a low resistance periphery (giving a 
gradual decay of flow into diastole). Similar charac- 
teristic signals have been observed in breast car- 
cinomas. Recent work suggests that formation of 
new vessels is crucial to the growth of neoplastic 
cells, It has been postulated that an hormonal sub- 
stance known as tumour angiogenesis factor 
stimulates this growth (Folkman et al., 1971), As 
tumours enlarge, active division may become 
localized to a circumferential well-vascularized layer, 
while the centre becomes relatively avascular and 
necrotic. 

The results presented here suggest that these 
vascular events may be detected using a sensitive 
Doppler technique. At present, it seems that this 
finding remains perhaps an interesting observation 
of arguable clinical value. However, it raises the 
possibility that Doppler signals may be used to 
enhance tumour detection in less accessible sites, for 
example within the abdomen. 

At this centre, a conventional B-scan imaging 
system has been combined with a pulse-Doppler 
device (Atkinson and Wells, 1977). The B-scan 
provides a pulse-echo tissue map so that any 
ultrasonically-accessible point of interest can be 
interrogated for movement or blood flow using the 
pulse-Doppler attachment. This technique has 
found clinical application in distinguishing dilated 


bile ducts from vascular structures in the livers of 
jaundiced patients (Loh et al., 1978). Preliminary 
work with this apparatus suggests that vascular 
signals can also be detected from pancreatic car- 
cinomas, although hepatic metastases tend to be 
silent. More sensitive apparatus is now being 
developed for this type of investigation. Meanwhile, 
it has been found here that abdominal tumours do 
not give detectable signals when using the 10 MHz 
CW Doppler device. This is possibly because the 
high frequency of the ultrasound limits the penetra- 
tion to about 30 mm since most of the energy is 
attenuated in the anterior abdominal wall. To over- 
come this problem, a catheter-tip probe has been 
devised which can be passed down the biopsy 
channel of a laparoscope. It is intended to place this 
in direct contact with liver metastases under direct 
vision at laparoscopy. If it is discovered that 
Doppler signals can be detected in this way, this 
should encourage further development of pulse- 
echo/Doppler hybrids working from the skin surface. 
Many difficulties remain. Inflamed tissues are 
intensely vascular and it is unlikely that they could 
accurately be distinguished from neoplastic deposits 
solely by Doppler examination. Similarly, many 
malignant tumours are relatively avascular at angio- 
graphy. However, the present observations encourage 
the authors to believe that Doppler techniques 
might improve and complement the already impres- 
sive role of conventional ultrasonic techniques in the 
detection of abdominal tumours. 
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l ABSTRACT 

Uterine carcinoma can be treated by combined external 
and intracavitary irradiation, With an afterloading technique 
intracavitary irradiation is given with the patient in the 
lithotormy position, External irradiation is given with the 
patient in the supine position. A lead shield is used with the 
external fields to cover the tissues which are close to the 
intracavitary sources and receive high doses. The positions 
of the intracavitary sources seen on radiographs taken when 
the patient is in the lithotomy position are transferred to 
films taken with the patient in the supine position. From the 
latter the position and profile of the shield are calculated. It 
is shown that a reliable transfer of the positions of the 
sources and determination of the necessary shielding cannot 
be achieved in this way. It is therefore concluded that both 
intracavitary and external irradiation should be carried out 
with the patient in the supine position. 


Patients with uterine carcinomas can be treated by 
combined external and intracavitary irradiation. We 
have used an afterloading machine with high dose- 
rate sources (Cathetron) for intracavitary treatments. 
This technique was described in detail by O’Connell 
et al, (1967) and Joslin et al. (1972). 

When the patient is in the lithotomy position the 
catheters are inserted into the vagina or the uterus. 
They are locked in this position during irradiation 
when the ®°Co sources are introduced into the far 
ends of the catheters, This is the most practical 
position for the procedure. External irradiation to 
the pelvis is given by anterior and posterior fields 
with the patient in the supine position. Tissues near 
to the far ends of the catheters receive a high dose 
from the intracavitary sources. In order to obtain an 
optimum dose in these tissues a lead shield is used in 
the external fields covering the central regions of the 
pelvis. The position and profile of this shield are 
calculated from radiographs taken during Cathetron 
treatments when the patient is in the lithotomy 
position, Another two pelvic radiographs are taken 
with the patient in the supine position simulating the 
conditions for external irradiation, The shielded 
areas calculated on the lithotomy films are then 
transferred to the supine films. Finally, the position 
and profile of this shield are drawn on the patient’s 
skin, 

‘The transfer of the area to be shielded is made 

» using the pelvic bones seen on the films. If the pelvic 


girdle is stationary when the patient changes from 
the lithotomy to the supine position this transfer can 
be done easily, but this is seldom the case. Should 
the pelvic girdle of every patient rotate in a standard 
manner it might also be possible to make the transfer 
with satisfactory accuracy. 

The effect of this rotation could be investigated by 
utilizing anatomical points on the pelvic girdle seen 
on the films. We have therefore studied how certain 
points move, as shown by the radiographs, when a 
patient changes position. 


METHOD AND MATERIAL 

Altogether 60 consecutive patients treated during 
the latter half of 1977 were studied. All had radio- 
graphs taken with the catheters inserted and locked 
in position. Both AP and lateral radiographs were 
taken with the patient in the lithotomy position. 
Immediately after this the legs were lowered gently 
to bring the patient into the supine position. Again 
AP and lateral films were taken. Extreme care was 
taken to prevent any change in the position qf the 
catheters that were firmly locked in position from 
outside the pelvis. Three different points, A, B and 
C were selected on the film (Fig. 1). The lateral films 
were of varying quality so only AP films were 
utilized. The selected points were easy to define on 
all films used. Point A is at the upper limit of the 
symphysis. Point B lies on a line joining the upper 
limits of the two femoral heads. Point C lies on a line 
joining the upper limits of the major incisurae 
ichiadicae. All the points are in the same sagittal 
plane as the tip of the catheter. The distances be- 
tween the three points and the tips of the catheters 
have been calculated for each patient. Altogether 26 
patients had intravaginal catheters and 33 intra- 
uterine. 

Patients with endometrial carcinomas were sub- 
jected to hysterectomy and bilateral salpingo- 
oophorectomy. Those with carcinomas infiltrating 
the myometrium had six intravaginal Cathetron 
treatments. At each treatment they received a dose of 
500 rad to a reference isodose line which passes 
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Fie. 1, 


Points A, B and C were chosen because they could be found 

easily on all films and were located on the AP films. Point A 

is at the upper limit of the symphysis, B is on a line drawn 

from the upper limit of the two femoral heads and C on a 

line joining the upper limits of the major incisurae 

ischiadicae. The three points are on the same sagittal plane 
as the catheter tip. 


through a point 1 cm from the surface of the 
catheter which receives the highest dose rate (Beck- 
man, 1971). If a cylindrical Perspex applicator is 
placed round the catheter in the vagina the reference 
isodose will be through a point located | cm from the 
surface of the applicator. The intracavitary treat- 
ments were combined with external irradiation to the 
pelvis. This was given with a Co unit or a betatron 
by anterior and posterior fields normally 16 x 16 cm. 
The patients first received 2000 rad to the whole 
pelvic region and then a further 2000 rad using a 
shield to cover the regions irradiated by the intra- 
cavitary sources. Normally one intravaginal and four 
external irradiations were given each week for a total 
time of about five weeks on average. The shields 
used were constructed to cover a region with a 
reference isodose curve of 500 rad around the 
catheters (Fig. 2). As the positions of the catheters at 
different treatments were not identical a mean 
reference isodose line was calculated. 

Patients with intrauterine catheters usually had 
cervical carcinomas. They received five intracavitary 
treatments using one intrauterine and two vaginal 
catheters each time. The patients also received 
external irradiation by two opposing fields (16x 16 
cm) to the whole pelvis up to a total dose of 3000 rad. 
In addition they received a further 1500 rad using a 


Fic. 2. 
Position and profile of the shield in the external fields around 
the intracavitary catheter indicated by the dotted line, 


lead shield which protected the area within a 
reference isodose line of 600 rad. When the shields 
were designed the positions of the vaginal catheters 
were considered but in this special study interest was 
concentrated on the position of the intrauterine 
catheter. The treatment period for each patient 
extended over about five weeks and each patient was 
given one intracavitary and four external irradiations 
weekly. 

The distances between the three points A, B and 
C and the tip of each catheter were measured on each 
AP film to an accuracy of 1 mm. The films were 
taken under the same geometrical conditions when 
the patient was in the lithotomy or the supine 
position. 

‘Two statistical analyses were performed. For each 
patient and for each point the difference between the 
measurements in the lithotomy and supine positions 
was calculated. The correlation and regression 
coefficients for paired case analysis were calculated 
according to the following formula (Armitage, 1973): 


nya Lyx a: 
nS xe —(S w/e ae 


where y is the distance between the catheter tip 
and A, B and C with the patient in the supine 
position; 
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TABLE I 


DIFFERENCES OF DISTANCES BETWEEN THREE POINTS ON THE RADIOGRAPHS AND THE CATHETER TIP TAKEN WITH THE PATIENTS IN 


THE LITHOTOMY AND SUPINE POSITIONS 

















| - , | 
i Difference of distances 
between catheter tip and point 
: (mm) 
Catheter Number of Point on = > Significance of 
| position patients radiographs X difference 
| Intrauterine 33 A 12.6 XXX 
B 8.6 XXX 
C 0.9 N.S. 
Vaginal 27 A 14.9 XXX 
| B 0.22 N.S. 
c i 1.9 Ns 











XXX =highly significant (P <0.001); N.S. =not significant (P > 0.05). 


TABLE II 
CORRELATION AND DETERMINATION COEFFICIENTS FOR THE 
DISTANCES BETWEEN THREE POINTS AND THE CATHETER TIP 
WITH THE PATIENTS IN THE LITHOTOMY AND SUPINE POSITIONS 






















Catheter Number of Point on 

position patients radiographs 
Intrauterine 33 A 
B 
C 
aginal 27 A 
B 
| C 











regen the correlation coefficient; R?=the determination co- 
efficient of linear regression. 


x is the distance between the catheter tip and A, 
B and C with the patient in the lithotomy position; 
¥xy ts the correlation coefficient; 

S, and Sy are standard deviations of x and y; 

R? is the coefficient of determination where R? =ryy?. 


RESULTS 

The hypothesis to be tested is that, on average, 
points A, B and C do not alter in position when a 
patient moves from the lithotomy to the supine 
position. This hypothesis was rejected for points A 
and B in the intrauterine catheter cases. No signi- 
fieant difference was found for point C. For the 
vaginal cases the hypothesis was rejected for point A. 
‘This was not so for points B and C (Table I). 

Our results indicate that the mean distance from 
the catheter tip to point C did not alter when the 
patient moved from the lithotomy to the supine 

« position. However, the standard deviations of the 


differences were large for all three points. Thus it 
was impossible to reach a reliable conclusion for 
individual patients. 

The correlation between the distances with the 
patient in the lithotomy and supine positions can be 
seen in Table II. The coefficient was in no case large 
enough to permit a reliable calculation of the 
catheter position when the patient changed position. 
Nor did a regression analysis produce coefficients 
that were sufficiently reliable to permit prediction of 
the supine position, given the values for the litho- 
tomy position. 


DISCUSSION 

These results show that the distances between 
certain points related to the pelvis and the catheter 
tips changed when the legs of patients were moved. 
There were also great variations for all of the 
distances. When intracavitary irradiation was given 
with the patient in the lithotomy position no reliable 
prediction could be made about the position of the 
sources in the pelvis when the patient received 
external irradiation in the supine position. This 
means that the profile and position of the lead shield 
in the external fields cannot be predicted with 
reliable accuracy by using this method. 

Therefore the technique was changed. The intra- 
cavitary catheters are now inserted with the patient 
in the lithotomy position. Then the legs are lowered 
carefully to produce the supine position. Radio- 
graphs are taken and intracavitary irradiation per- 
formed with the patient in the supine position. 

A shield covering the tissues irradiated from intra- 
cavitary sources can then be used when external 
irradiation is given by two opposing fields in order to 
obtain an optimum dose. In this way it is considered 
that the risk of hot or cold spots can be minimized. 
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Radium treatment combined with external irradia- 
tion by anterior and posterior fields is often carried 
out. In these cases standard shields in the form of 
central blocks can be used (DiSaia et al., 1975). It 
has been advocated that the shields should be used 
primarily in order to protect the bladder and rectum. 
For this purpose standard shields may be satis- 
factory. Fletcher (1973) has stressed that it is also 
exceedingly important to know the exact dose 
received by the bladder and rectum during radium 
treatment. As a rule the doses are measured in the 
bladder and rectum immediately after radium inser- 
tion with the patient in the lithotomy position. 
However, these values are lower when the patient is 
in the lithotomy position than in the supine position 
(Joelsson and Backstrém, 1969). This indicates the 
movements of tissues in the pelvis. Therefore all 
measurements during radium treatment should be 
done with the patient in the supine position. 

Fletcher (1973) has also stressed the importance of 
exact calculation of the dose distribution in the 
pelvis when combined treatment is carried out, in 
order to obtain the maximum possible cure-rate and 
to minimize complications. It has been shown that 
the sources sometimes move during radium treat- 
ment (Joelsson, 1970). Therefore it is difficult to 
discover the exact dose distribution in the pelvis 
during radium treatment and to achieve accurate 
shielding. 

In order to obtain an exact dosimetry in the central 
region of the pelvis Chassagne et al. (1973) have 
developed a combined external and intracavitary 
irradiation technique. They use low dose-rate 
sources which are fixed in a vaginal mould and the 
dose distribution in the central part of the pelvis is 
calculated from radiographs by computer. When 
external irradiation is given an individualized central 
shield is constructed using these calculations. 

One of the great advantages with the afterloading 
technique using high intensity sources is that treat- 


ment times are very short, normally only a few 
minutes. The intracavitary catheters are locked in 
position from outside the pelvis in such a way that 
they do not move during treatment. An exact dosi- 
metry can be obtained around the sources in the 
pelvic region. The doses can thus be calculated in 
different parts of the pelvis when combined irradia- 
tion is used. This provides a better possibility to 
develop the method. Every case developing a com- 
plication due to the irradiation can be analysed and 
the dose to the damaged tissues can be calculated 
with high accuracy. In addition the dose distribution 
in the tumour region can be calculated accurately 
and correlated with local cure. 
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ABSTRACT 

The use of electron beam therapy with energies up to 
10 MeV in the treatment of basal and squamous cell 
carcinomata of the skin is described. The results of treat- 
ment of 15 cases are presented with photographs of six cases. 
Excellent clinical and cosmetic results have been obtained. 
Electron therapy has been found to be simple and con- 
venient, avoiding the necessity for the use of radium 
moulds in a number of cases and thus avoiding radiation 
exposure of staff. 


Electron therapy for the treatment of malignant 
lesions has been in use since 1949 (Zuppinger, 1967). 
In 1970 the use of electron beams with energies up to 
10 MeV was reviewed in detail in a paper by 
Jackson (1970). Since then work has been published 
on electron therapy in the management of carcinoma 
of the skin (Tapley, 1975), and in the management of 
cutaneous manifestations of lymphomata such as 
mycosis fungoides (D’Angio et al. 1975; Fuks and 
Bagshawe 1971). 





Fic. L 


Depth-dose curves for electron beams of energies 3, 4, 6, 8, 
and 10 MeV. 


* 


METHOD 

When electron beam therapy is used, it is possible 
to irradiate superficial lesions with sparing of the 
deep tissues. This is due to the shape of the depth- 
dose curve, which shows a fairly flat initial plateau 
followed by a rapid fall-off in the absorbed dose. 
There is an initial build-up of dose within the first 
few millimetres of tissue which produces modest 
skin sparing. Figure 1 illustrates the depth-dose 
curves at the energies of electrons available from the 
SL 75/10 linear accelerator which was installed at 
Mount Vernon Hospital in 1973. When treating 
patients with skin tumours, the skin-sparing effect 
can be overcome by the use of compensating 
material, usually wet tissue paper. The thickness of 
wet tissue paper required is 2 mm for 3-4 MeV 
electrons, 3 mm for 4-8 MeV electrons and 6 mm 
for 10 MeV electrons. If air gaps need to be elimi- 
nated a wax compensator is necessary. 

We have only a limited number of applicators 
available which are circular in shape and of diameter 
5, 10, 14 and 17.5 cm. These are modified for 
irregular shaped fields by the use of lead cut-outs, 
usually of a thickness of 4-5 mm, which reduce 
penetration to less than 3%. With 3 and 4 MeV 
electron beams there is more scatter at the edge of the 
field and it is therefore necessary to allow a margin of 
1 cm around the lesion to ensure adequate dosage. 

We decided to treat a selected group of patients in 
whom it was felt that the megavoltage qualities of 
electron therapy would be advantageous. These 
were mainly elderly patients with skin tumours 
overlying the skull or cartilage, where the possibility 
of bone or cartilage necrosis was thought to be a risk 
if low energy photons were used. Two patients had 
recurrent disease following previous treatment with 
photons; one refused surgery and the other was 
thought to be unfit for it. The sites treated included 
the scalp, pinna, dorsum of the hand and bridge of 
the nose. 


RESULTS AND Discussion 
In all we have treated 24 patients but are pre- 
senting the results of 15, all of whom have been 
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Fic. 3. Case 2. 


Right nasal vestibule. (a) Before radiotherapy; (B) After 
radiotherapy. 


Fic. 2. Case 1: 


Comparison of carcinoma before and after treatment. Pinna 
B of ear. (A) Before radiotherapy; (B) After radiotherapy. 


473 


VoL. 52, No. 618 


Elizabeth Grosch and H. E. Lambert 


TABLE I 
RESULTS IN PATIENTS ILLUSTRATED IN Fics. 2-7. BUILD-UP USED WITH ALL PATIENTS 



































E Histology 
No. Age and previous treatment Site Treatment Follow-up 
1 83 Basal cell carcinoma Pinna 5 cm circle 6 MeV 15 months 
16 fractions in 28 days No recurrence 
4800 rad 
2 74 Well differentiated Right nasal 3 cm circle 10 MeV 6 months 
squamous carcinoma vestibule (wax block) No recurrence 
15 fractions in 19 days 
4500 rad 
3 78 Well differentiated Dorsum right | 10 cm circle 10 MeV 12 months 
squamous carcinoma hand 15 fractions in 21 days No recurrence 
4500 rad 
4 84 Basal cell carcinoma Left side 5 cm circle 6 MeV 6 months 
recurrent after soft nose 9 fractions in 12 days No recurrence 
X rays 4 x 800 rad 1972 Dose 4000 rad 
5 60 Basal cell carcinoma Anterior neck | 10 cm circle 8 MeV 6 months 0.7 cm 
Incomplete excision 24 fractions in 61 days recurrence at edge 
1968, 1972 with gap of 25 days due of treated area. 
to skin reaction at Treated by local 
3500 rad; 6000 rad total excision 
18 months 
No recurrence 
6 71 Moderately differentiated | Scalp 5 cm circle 8 MeV 18 months 
squamous cell carcinoma 10 fractions in 14 days No recurrence 
4000 rad 
A 

















Fic. 4. Case 3. 





Dorsum of right hand. (a) Before radiotherapy; (B) After 
radiotherapy B 
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TABLE H 
RESULTS IN NINE OTHER PATIENTS. BUILD-UP USED WITH ALL PATIENTS 
1 | 
Histology 
No. Age and previous treatment Site ‘Treatment Follow-u l 
7 g 78 - Basal cell carcinoma Scalp 10 cm circle 6 MeV 18 months 
20 fractions in 28 days No recurrence i 
5000 rad 
8 65 Basal cell carcinoma Scalp 6 cm circle 4 MeV 9 months 
Radiotherapy for 15 fractions in 21 days No recurrence 
ringworm as child 5000 rad | 
ARNES 2 EEEE l 
9 74 Basal cell carcinoma Bridge of nose | 5 cm circle 6 MeV 18 months 
recurrent after soft 20 fractions in 28 days No recurrence 
X rays; 3 x 900 rad in 5000 rad | 
5 days, 1971 l 
10 70 Basal cell carcinoma Bridge of nose | 5 cm circle 6 MeV with 18 months | 
recurrent after cautery Pb mask No recurrence | 
10 fractions in 15 days 
4000 rad 
11 70 Basal cell carcinoma Dorsum of 5 cm circle 8 MeV 18 months i 
hand 10 fractions in 12 days No recurrence i 
4000 rad | 
se ane = ai ons alent a EST PARAOA | 
12 60 Solar keratosis Dorsum of 3.5 cm circle 6 MeV 2 years f 
hand 15 fractions in 21 days No recurrence 
4500 rad 
13 69 Squamous carcinoma Dorsum of 10 cm circle 8 MeV 2? years 
incompletely excised hand 20 fractions in 28 days No recurrence 
6000 rad 
14 81 Basal cell carcinoma Scalp 10 cm circle 6 MeV Incomplete 
No skull involvement 22 fractions in 33 days regression, later 
on radiograph 5500 rad regrowth 
Eventually agreed 
to have surgery 
15 52 Squamous carcinoma Left temple 10 cm circle 8 MeV 6 months 
Incomplete excision 15 fractions in 21 days No recurrence 
. 4500 rad Excellent cosmetic 
result 
4 AAPEEE pannan 











followed for at least six months. These are pre- 
sented in detail in Table I (these six patients have 
accompanying photographs) and Table II. The 
given doses are similar to those used with photons. 

We have been most impressed with the excellent 
cosmetic and functional results obtained with 
electron therapy (Figs. 2-7). In general there has 
been minimal skin reaction, only one case (5) 
developing moist desquamation which necessitated 
a break in treatment. So far, recurrent disease has 
occurred in two cases (5 and 14). In case 5, there was 
a small recurrence on the edge of the treatment field 
which was excised successfully. Patient 14 had a very 
advanced scalp lesion which we now consider was 
treated with too low an energy and therefore was 
probably under-treated at depth. 

It is not always possible to use surgery for re- 
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treatment of recurrent disease following treatment 
by low energy photons, owing to the general con- 
dition of the patient or refusal of surgery. The rapid 
fall-off in dose at depth with electrons, resulting in 
the protection of normal tissue, is an advantage of 
electrons over conventional radiotherapy and we 
have used electrons in two cases (4 and 9) with 
recurrent disease. They are both doing well at six 
and 18 months respectively with no evidence of 
recurrence or necrosis. 

We have treated a number of patients with lesions 
on the scalp, dorsum of the hand and pinna who, 
before the advent of electron therapy, we would have 
treated with a radium mould. We consider that the 
use of electron therapy in these patients is a consider- 
able advance in that it produces comparable clinical 
results without the risk of radiation exposure to staff. 
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Fic. 5. Case 4. 


Left side of nose. (A) Before radiotherapy; (B) After radiotherapy. 





B 


Fic. 6. Case 5. 


Anterior neck. (A) Before radiotherapy; (B) After radiotherapy. 
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It is also possible to avoid the need for complicated 
treatment plans and set-ups and instead to use a 
single electron field in difficult sites such as the 


vestibule of the nose, case 2, and a curved area as in 
the neck, case 5. 

In a busy department, where 800 cases are treated 
annually on the linear accelerator, the main dis- 
advantage of electron therapy is that it is time 
consuming. This is mainly because of the necessity 
to calibrate the machine before each treatment. As a 
result the patients who are treated have to be very 





Fic. 7. Case 6. 


Scalp. (a) Before radiotherapy; (B) After radiotherapy. 


carefully selected. Nevertheless, we consider the 
availability of electron therapy to be a real advantage 
and feel that in time it may replace the use of radium 
moulds. 
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Book review 


A Guide to the X-ray Department. By Myer Goldman, pp. 
ix+89, illust., 1978 (Bristol, John Wright & Sons Ltd.), 
£3-00. 
ISBN 0-7236-0493-2 
The tremendous, rapid advances and changes in radi- 
ology are clearly and simply explained in this interesting 
and easy to read book. It aims to instruct not only nurses, 
but students of medicine, radiography and pharmacy. 
Regrettably, the preparation of patients for special X-ray 
procedures is only briefly mentioned. We believe good bowel 
preparation is extremely important if first class films are to 


be produced—the nurse’s responsibility for this preparation 
could have been given in more detail. Perhaps more em- 
phasis is due on avoidance and awareness of possible re- 
actions to contrast media. 

The illustrations and 
helpful. 

This volume will make a valuable addition to the nurse’s 
bookshelf and to the ward library. 


diagrams are good, clear and 


R. J. FRANCE, 
C. E. CLARKE. 





N 


> 


1979, British Journal of Radiology, 52, 478—481 


A computerized three-dimensional treatment planning system 
utilizing interactive colour graphics 
By D. L. McShan, Ph.D., A. Silverman,* Dorina M. Lanza, M.S.,¢ L. E. Reinstein, Ph.D. 


and A. S. Glicksman, M.D. 


Department of Radiation Oncology, Rhode Island Hospital, and The Section on Radiation Medicine, 
Division of Biology and Medicine, Brown University, Providence, Rhode Island 02802, USA 


{Received August, 1978 and in revised form January, 1979) 


ABSTRACT 

A new computerized radiation treatment planning system 
has been developed to aid in three-dimensional treatment 
planning. Using interactive colour graphics in conjunction 
with a PDP 11/45 computer, the system can take multiple 
transverse contours and construct a perspective display of 
the treatment region showing organ surfaces as well as cross- 
sectional contours. With interactively selected orientations, 
the display allows easy perception of the relative positioning 
of the treatment volume and neighbouring anatomy. For 
external beam treatment planning, interactive computer 
simulation is used to select diaphragm sizes which best 
conform to the target area while avoiding sensitive structures. 

Dose calculations for the selected beams are carried out on 
multiple transverse planes. The calculational planes and 
surfaces are displayed in perspective with radiation dosage 
displayed in an interactively manipulated colour display. 
Altogether the system provides an easy assessment of the 
volume to be irradiated, interactive selection of optimal 
arrangements of treatment fields and a means for visualizing 
and evaluating the resulting dose distributions. 


Following earlier work in the Department of Radi- 
ation Oncology at Rhode Island Hospital in develop- 
ment of a three-dimensional radiation treatment 
planning system, a new interactive computerized 
planning system has been developed. The new 
system uses colour graphics to provide better insight 
into the planning of radiation treatments which will 
best conform the radiation distribution to the target 
volume while minimizing radiation elsewhere, 
especially to sensitive organs. The new system is 
designed to help the planner visualize relative 
anatomy within the proposed treatment volume, 
simulate proposed treatment fields relative to this 
anatomy, and make qualitive and quantitative assess- 
ment of dose throughout the treatment volume. 

The earlier work at the Rhode Island Hospital 
approached the problem of three-dimensional plan- 
ning of external beam treatments by using recon- 
structed multi-plane images taken from transverse 
axial tomographs (Reinstein et al, 1978). In that 
approach, contours at multiple levels could be 
viewed in three-dimensional perspective and rotated. 
‘The main advantage of this method was that contours 
could be placed in orientations which would simulate 
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their position relative to an incoming beam. Using 
this method, gantry angles, collimator angles, beam 
width, and height and blocking could be determined. 
A disadvantage was that the system was not entirely 
interactive and required a number of time-consum- 
ing trial and error tests. Further, the resulting dose 
distribution could only be represented by using 
conventional two-dimensional isodose displays. 

The system reported here removes many of these 
disadvantages. Using colour video image hardware 
and computer generated graphics, transverse con- 
tours and reconstructed surfaces are displayed in 
three-dimensional perspective with colour used to 
differentiate anatomical features. Interactive gra- 
phics have been developed to enable the treatment 
planner to simulate beams for external treatment 
planning. Further, the radiation dosage can be 
calculated for multiple planes and surfaces and can 
be displayed using a colour representation of the 
dose distribution. 


METHODS AND EQUIPMENT 

The new display software is implemented’ on a 
Digital Equipment PDP 11/45 mini-computer with 
floating point hardware and 80k words of core 
memory. The computer operates with a multi- 
partitioning time-sharing operating system that sup- 
ports up to twelve terminals. The colour image 
display hardware is made by DeAnza Systems, Inc. 
and was purchased with interfacing to the PDP 11 
system, 

The graphics software uses an interactive console 
which contains four push buttons, four potentio- 
meters and a “joy-stick” with two additional 
potentiometers. The graphics software is written to 
use the interactive console exclusively with no 
terminal input. Cues for the colour-coded buttons 
and potentiometers are displayed in annotation fields 
so that the buttons and knobs are easily programmed 
for different functions. A schematic for the computer 
system is shown in Fig, 1. 

The program is written primarily in Fortran and 
currently consists of nine overlays each running in 
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Fic. 1, 
Schematic of computer and graphics system. 


e 
less than 16k of core. The software is interfaced with 
the conventional treatment planning programs and 
can be entered from the external beam planning 
program. 

As described in the earlier paper, a separate pro- 
gram in the conventional planning system is used to 
enter contour data with a sonic-digitizer from trans- 
verse axial tomography films. Individual contours 
are labelled by organ type and the relative posi- 
tioning of the transverse level. For a typical case, 
about five levels are required throughout the pro- 
posed treatment area. Once entered, these contours 
are available for three-dimensional reconstruction. 


Anatomical display 

Figure 2 shows a perspective reconstruction of 
three of five transverse planes taken in the region 
between the thoracic inlet and the mid-line thorax 
region. The planes were taken at a relative spacing 
of +7, +3, 0, —4, and —7 cm. The planes at +3 
and —4 cm are not shown in Fig. 2 but were used 


for the surface reconstruction. The contours in 
Fig. 2 are distinguished by colour with the external 
contour in blue, the lungs in white, the spinal cord 
in green, and the target (in this case the oesophagus) 
in yellow. The front surfaces of the spinal cord and 
target are shown as well as the back surface of the 
right lung. This figure graphically illustrates the 
variation of the relative anatomy throughout the 
volume to be irradiated. 

For the perspective displays the orientations and 
magnifications are selected interactively through the 
use of the console potentiometers. The image can be 
expanded along any of the original axes (used in 
Fig. 2 to increase separation between planes). Con- 
tour line elements are removed when hidden by any 
of the planes (rectangular limits used). 

The surfaces are constructed using the outline 
data on all of the transverse levels taken. The recon- 
struction begins by defining a set of mesh paints 
which are uniformly spaced around each outline. 
Spacing for the points is determined by calculating | 
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the total chord or path length and dividing this 
length by the number of desired segments (30 for 
this example). The points are aligned on each level 
by first calculating a mean or average centre. A line 
is then drawn through the centre parallel to one of 
the co-ordinate axes. The most positive intercept of 
this line with the outline is taken as a starting point 
for generating the mesh. For interpolation between 
transverse levels, the generated mesh points are con- 
nected to their aligned counterparts with a smooth 
curve, constructed by using spline curve-drawing 
techniques (Ahlberg, 1974). The technique takes the 
initial set of co-ordinate points and derives a larger 
set of mesh point values separately for each of the 
three dimensions. The interpolated values are con- 
strained to a curve which passes through the initial 
set of values and which exhibits no discontinuities in 
its slope. For Fig. 2, a set of 20 mesh points has been 
generated for each set of points around the outlines. 
lhe result of these two interpolation operations is a 
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grid of three-dimensional co-ordinates which map 
out the surface. 

All of the contour surface maps are generated 
and stored prior to entry into the three-dimensional 
display system. Within the display system, individual 
surfaces may be recalled and displayed showing 
either their front or back (away from viewer) 
surfaces. 

. 
Radiation beam selection 

After a look at the relative anatomy within the 
proposed treatment region, treatment planning for 
external beam therapy may proceed by selecting one 
of two beam simulation modes. The first mode is 
similar to conventional planning systems which 
allow interactive selection of beam parameters. It 
differs in that beam paths along the transverse planes 
can be displayed simultaneously and manipulated on 
the multi-plane perspective images. The second 
mode of simulation is particularly suited for aligning 





Figure 3: Simulation of external beams. The red rectangle shows the 


beam area enclosing the target but avoiding the spinal cord. 





Figure 5 


Coloured dose distribution on perspective multiplanar display. 
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individual beams. A typical display for this mode is 
shown in Fig. 3. In this figure, the contours for a 
single transverse plane are shown in the upper left 
hand corner along with the relative beam positioning. 
In the centre of the display is shown the simulation 
of a field area (shown in red) whose central axis is 
parallel to the transverse planes. The projection of 
the spinal cord (in green) and the target (in yellow) 
are shown relative to the incoming beam, the inci- 
dent direction of which can be seen by the position- 
ing of the green beam shown in the upper left hand 
corner. This direction may be interactively rotated 
by adjusting a potentiometer. The treatment field 
shown in Fig. 3 is one of two proposed lateral 
exposures which are planned to avoid irradiation of 
the spinal cord while minimizing exposure of the 
lung. At a fully lateral angle, the lung would receive 
too much dose, therefore the beam is moved an- 
teriorly. If the beam is moved too far forward, the 
target area and the spinal cord overlap. A simulation 
of an unacceptable overlap can be seen in Fig. 4. 
Figure 3, on the other hand, shows adequate separa- 
tion. Besides altering the incident direction of the 
beam, the width, height, tilt (collimator angle) and 
centre may be interactively adjusted relative to the 
anatomy so as best to conform the radiation area to 
the target area. 


Three-dimensional isodose display 

To evaluate the proposed treatment plan, it is, of 
course, necessary to calculate and display the result- 
ing dose distribution at points within the target as 
well, as at neighbouring locations. For three- 
dimensional planning, this implies calculations 
throughout the irradiated volume. While the new 
system is capable of displaying dose distributions on 
nonparallel planes and surfaces, at present the dose 
calculations for external beam therapy are limited to 
planes which are coplanar or parallel to the central 
axes of the beam combination. Normally, calcula- 
tions are carried out on the planes used for input of 
contour. The calculations are currently the slowest 
part of the three-dimensional planning system and 
require about two minutes per plane. The calcula- 
tional program used is a version of J. R. Cunning- 
ham’s CBEAM program (Gupta and Cunningham, 
1966). The calculation divides the dose into two 
components—primary and scattered radiation. The 
primary contribution is obtained by using tissue-air 
ratios for zero area and by making appropriate 
geometrical corrections to account for inverse- 
square fall-off, compensating filters, and penumbra 
effects. The scatter component is calculated by 


integration of differential scatter-air ratios which are 
generated using a table of scatter—air ratios. The dose 
is calculated at a matrix of points across the plane 
and the data are stored in a magnetic disc file for 
later display and evaluation. 

Instead of displaying conventional isodose lines, 
the relative dose is evaluated and loaded into each 
display pixel that projects onto a calculational plane. 
This process takes only a few seconds, Using 
intensity transformation hardware on the display 
system any colour can be assigned to any dose level. 
For evaluating the dose, the potentiometers on the 
console are used to set and vary the lower limit and 
width of one or more bands of uniform colour. These 
bands reflect in radiated areas which lie between two 
dose limits. Because the colour-to-dose assignment 
is easily made, the limit adjustments are highly 
interactive and simultaneous for the entire display 
area. Used in combination with the perspective 
display, the user gains an immediate perception. of 
the dose distribution throughout the irradiated 
region. 

Figure 5 shows a perspective display of the planes 
with dose calculations added. A background of red 
whose intensity is proportional to the dose shows the 
radiation paths. Three bands of colour have been 
selected for this display. Each band shows a uni- 
formity of dose across the target area for each of the 
three levels. However, the percentage difference 
between bands shows a problem of uniformity of 
dose along the length of the tumour (corrected in 
practice by a wedge compensator). 

While the examples shown here relate to the 
thorax region, the same techniques of three- 
dimensional display can be applied to other sites in 
the body. Particularly in the pelvis, the uterus, 
bladder and rectum can be displayed relative to the 
external contour and bony pelvis. Isodose calcula- 
tions for intracavitary sources can be shown in the 
same manner as for an external beam and can be 
combined with external beam calculations to show 
the composite doses in relation to the pelvic anatomy, 
The use of this system for the pelvic region will be 
published shortly. 


REFERENCES 
AHLBERG, J. H., 1974. A picture-view of splines. Technical 
Report Brown University, Providence, Rhode Island. 
Gupta, S. K., and CUNNINGHAM, J. R., 1966, Measurement 
of tissue~air ratios and scatter functions for large field 
sizes for cobalt 60 gamma radiation. British Journal of 
Radiology, 39, 7-11. 


Rernstein L. R. McSuan D. L. Wesser B. M., and 
GuicksMAN A. S. 1978. A computer-assisted three- 


dimensional treatment planning system. Radiology, 127, 
259-264. 





481 


* 


1979, British Journal of Radiology, 52, 482-484 


The dose in water surrounding point isotropic 


gamma-ray emitters 


By 5. Webb, Ph.D., D.LC., and R. A. Fox, D.Phil. 


Physics Department, Institute of Cancer Research and Royal Marsden Hospital, Downs Road, Sutton, 


Surrey SM2 5PT 
(Received July, 1978 and in revised form December, 1978) 


ABSTRACT 
A Monte Carlo method has been used to calculate the 
dose distribution around point y-ray emitters in water. Five 
y-ray emitting radionuclides, 8Co, 137Cs, 1921r, 198Au and 
#28Ra, which are commonly used in radiotherapy interstitial 
implants, have been considered, ‘The results are in substan- 
tial agreement with those derived using a combination of 

experimental and theoretical data. 


The distribution of dose around an interstitial 
implant depends both on the geometry of the implant 
and the energy spectrum of the implanted radio- 
nuclide. Most dosimetry schemes comprise discrete 
summations of point distributions taken over the 
geometry of the implant. The fundamental data con- 
cerning the distribution of dose in water around a 
point isotropic y emitter are, however, uncertain. 
Meisberger et al. (1968) have shown that the experi- 
mentally determined ratio of exposure in water to 
exposure in air as a function of distance from a point 
source disagrees with theoretical results based on the 
energy absorption build-up factors of Berger (1968). 
‘The experimental data of several authors are cited 
but none are in agreement with the calculated 
distribution. For gold 198 and iridium 192 this 
diserepancy is of the order 5% at 10 cm distance and 
is somewhat less for caesium 137, cobalt 60 and 
radium 226. Meisberger et al., in the absence of any 
corroborating evidence, recommend for clinical use a 
third order polynomial fit to the average of theoreti- 


cal and experimental results. The polynomial fit for 
192Tr has been in use in this hospital for some years 
(Dance—private communication). It is the purpose 
of this paper to present results from Monte Carlo 
calculations which lend support to the recommended 
curves, 


THe Monte CARLO MODEL 

The philosophy of the Monte Carlo model is that 
the bulk properties of the photon-tissue interaction 
can be simulated as the ensemble of constituent 
single photon behaviour. A computer program has 
been constructed to trace the passage of photons 
from a point isotropic emitter through a uniform 
medium. The model is an analogue Monte Carlo 
simulation in that no attempt has been made to force 
interactions (Raeside, 1976). The details of comput- 
ing both the location of interaction sites and the 
subsequent nature of the interaction have been 
described in an earlier paper on the interaction of 
external beam X radiation with inhomogeneous 
media (Webb and Parker, 1978). The relative prob- 
abilities for Compton interaction, photoelgctric 
interaction and pair production have been deter- 
mined by linear interpolation of the energy depen- 
dent cross sections in the region 10 keV < E< 10 MeV 
utilizing the data for water of White-Grodstein 
(1957). These data for Compton interactions differ 


TABLE I 
COMPUTED PARAMETERS WHICH CHARACTERIZE THE PHOTON INTERACTIONS 



































— seen 

| 137Cs Co 226Ra 

| Fraction of first collisions which are photoelectric interactions 0.026 0,000 0.006 

| Fraction of first collisions which are Compton interactions 0.867 0.797 0.871 

| Fraction of first collisions which are pair-production interactions 0.000 0.000 0.001 

| Fraction of first collisions which take place beyond r ees 25m 0,106 0,203 0.122 
Average number of collisions per photon 5.54 4.57 §.58 
Fraction of energy given to photeelectrons 0.020 0.006 0.017 
Fraction of energy given to Compton electrons 0.605 0.567 0.556 
Fraction of energy given to pair products 0.000 0.000 0.000 

_ Fraction of energy leaving the water phantom 0.375 0.427 0.425 
"Total computing time (sec) 870 | 706 | 879 | 
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by less than 1 % from the more recent compilation of 
Hubbell (1969). Although the difference is more 
marked for photoelectric interaction, reference to 
Table I shows that the major contribution to dose 
arises from Compton scattering. The cross sectional 
data yield the energy dependent linear attenuation 
coefficient needed to determine the distance to an 
interaction site. For a detailed discussion of the 
assumptions made concerning electron production 
and energy deposition we refer readers to the paper 
by Webb and Parker (1978), where it is shown that 
the finite range of Compton and photoelectrons has 
been carefully modelled. 

The initial photon energy for each history has 
been selected according to the decay scheme of the 
radionuclide (Martin and Blichert-Toft 1970; 
Dillman and Von der Lage 1975). Photons are 
emitted isotropically and we have utilized spherical 
symmetry to improve the convergence of the Monte 
Carlo model. Instead of monitoring the electron 
energy deposition along one specific radius vector, 
which would make use of only a fraction of the 
information generated by the photon histories, we 
have transferred to co-ordinate r all energy deposited 
in the annulus of radius 7. In this way each photon 
trajectory contributes information to the dose 
distribution. 

It is emphasized that this model immediately 
yields the radial distribution of dose rather than 
exposure. It differs from the calculations cited by 
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Fic. 1. 
Radial dependence s(r) of the dose-rate in water normalized 
to unity at 1 cm with inverse square law dependence 
removed. The scale applies directly to 8°Co (@). Each point 
on successive graphs has been displaced linearly by the 
following amounts: by --0.1 units (+), by —0.2 (©), by 
—0.3 units (A), by —0.4 units (4). 
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Meisberger et al. (1968) in that it does not rely on 
tables of energy absorption build-up factors and 
makes no assumptions concerning scattered radia~ 
tion. In this sense, the Monte Carlo model is more 
fundamental in that absorption and scatter arise 
naturally from scattering cross sections. 


RESULTS AND DISCUSSION 

‘The radial dependence of the dose-rate in water is 
shown normalized to unity at 1 cm in Fig. 1 for the 
radionuclides 6°Co, 137Cs, 192Ir, 198 Au and 2°8Ra {in 
equilibrium with daughter products); s(r) represents 
the radial dependence of the absorbed dose-rate in 
water with the inverse square law fall-off removed to 
emphasize the effects of scatter and absorption which 
account for the features of the curves. ‘The computer 
calculations have been performed for a point iso- 
tropic emitter at the centre of a sphere of radius 
25 cm. It has been shown by Ellett (1969) that the 
dose at any distance r is the same in any spherical 
absorber provided the boundary R of that absorber 
is at least one photon mean free path À from the 
point of interest, ze. (R~r) 2A. For this reason we 
believe the curves shown in Fig. 1 exhibit no 
boundary effects. The dose rate d(r) at radius r can 
easily be found from the plotted curve s(r) by using 
the inverse square law together with the constant D, 
the absorbed dose rate in water per becquerel at 1 m, 


0) 


The constant D for each radionuclide is listed in 
Table II. The information in Fig. 1 has been 
obtained by monitoring 700 000 photon histories. 
The computer requirements vary according to the 
radionuclide but are of the order of 1000 sec on a 
CDC 7600 machine. A parameter of some interest 
when comparing computer studies on different 
machines is the number of histories per second, Our 





that is, d(r) = Gy sl Bq . . 


TABLE If 
RADIONUCLIDE CONSTANTS D AND f° 


| ae eee 


| 
(C kgms- Bgt) | 














| Radionuclide | (Gy m?s“ Bq!) | 

aes a | 
fF aser =| 3,20 1047 | 
| Auf 164x107 | aso o] 
| 137Cs i 2.35 x 10-17 | < 1025 | 
| 6Co | 9.52 x 10-1" | 2.50% 10-18 | 
| Ra | OAT TOF FOX 10 | 
L | TREE — 





The more familiar units of rad cm*hrimCin! and 
R cm®hr-!mCi-! may be obtained by multiplying’ the 
numbers given by 1.33 x 1017 and 5.161018 respectively. 
*Unshielded and in equilibrium with daughter products. 
+Shielded by 0.5 mm Pt and measured experimentally. 
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figure of 700 histories per second is for example 
twelve times faster than the corresponding study by 
Ellett ef al, (1968) of the dose distribution around 
monoenergetic point emitters performed on an 
IBM 7094 machine. 

We have, for comparison purposes, also tabulated 
the specific y ray constant I" evaluated from the 
expression (Trott-—private communication), 


[2.34 x 10-32; (en) Ai 


Ckg-l m? svt Bq . (2) 


where (penji (mkg?) is the energy absorption coef- 
ficient for species of energy Ei whose equilibrium 
dose constant is di (kg Gy Bq s~4). Data for (en): 
has been interpolated from NBS Handbook 78 (1961) 
and d; from Dillman and Von der Lage (1975). An 
ionization constant of w==34 ev/ion pair has been 
used. The comparison is not strictly valid because in 
formulating [ no account is taken of secondary 
scatter or of build-up. An approximate numerical 
equivalence can be obtained by using a “C kg~! to 
gray factor” of 37.4, valid in the region from 200 keV 
to 2 MeV. It would not be expected that D would 
numerically equal I’. It should be emphasized, how- 
ever, that for clinical dose measurements equation 
(1) is simpler to use and more relevant than an 
expression based on the use of equation (2). 

If the data in Fig. 4 of Meisberger et al., can be 
interpreted as representing the radial fall off in dose 
rate with the inverse square law removed, our results 
are seen to differ from both calculated and experi- 
mental data, falling almost exactly on Meisberger’s 
“selected average”. It should be pointed out that we 
have modelled only photon interactions and have 
assumed that electrons have been filtered at source. 
‘The material providing this filtration may lead to a 
build-up close to the origin which we have not 
superimposed on our distributions. 

In calculating the dose-rate around specific radio- 
nuclide point sources we have extended similar 
calculations for monoenergetic point sources by 
Elett et al. (1968) and Ellett (1969). It is possible to 
compare their analysis with the present one by 
estimating the dose-rate at 1 cm for a 137Cs source 
using their table of point specific absorbed fraction 
which includes data at 662 keV and 30 keV. This 
vields a value of 2.47 x 10-1? Gy m? s~! Bq which 
is in disagreement with the value of D in Table I by 





about 5°. Additionally their data predict that the 


which differs by 4°, both from our result and from 
the experimental data of Meisberger et al. (1968). 


CONCLUSION 

The distributions of dose around five point iso- 
tropic y-ray emitters in frequent use have been 
calculated from first principles by Monte Carlo 
methods. ‘The distributions differ slightly from pre- 
vious calculations and experimental data. Whilst 
such discrepancies are probably unimportant clinic- 
ally for single point implants (being heavily masked 
by the inverse square law), they may be significant 
when collections of point distributions are integrated 
to yield the total dose from an extended source 
distribution. 
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ABSTRACT 

It has been observed that scanning electron microscopy is 
a more sensitive indicator of mucosal damage at low radi- 
ation dose levels than conventional quantitative crypt count- 
ing techniques. Three different fractionation schedules 
were subjected to investigation by both of these methods to 
try and elucidate some features of irradiation damage to the 
whole of the intestinal mucosa, at dose levels commonly used 
in clinical practice. Despite variations in the qualitative 
observations, there was a marked difference in two of the 
schedules between damage expressed as crypt counts and 
that described by the qualitative techniques. In the first case 
high crypt numbers were associated with severe mucosal 
damage, whereas the second schedule produced a reduced 
crypt count in association with low damage to the surface 
mucosa. 

A third schedule produced results in which there was a 
general agreement between low crypt numbers and con- 
siderable surface mucosal damage. However, observations 
were made of mucosal formations not previously seen on 
damaged mucosal surfaces. ‘These resembled the appearance 
normally associated with the gut of patients suffering from 
coeliac disease. Variations in the qualitative observations 
were seen in all the schedules so that their interpretation 
in terms of perturbation of cellular kinetics is difficult. 


One of the most important normal tissues which 
limits the dosage of radiotherapy is the gastro- 
intestinal tract. It is for this reason that a consider- 
able amount of data are available describing both the 
kinetics and the radiobiological response of gut. 
Following the development of the microcolony assay 
of intestinal crypt survival (Withers and Elkind, 
1970), Withers and his colleagues have made a 
detailed study of the response of mouse jejunum to 
fractionated radiotherapy (Withers et al., 1976) and 
other workers have complemented this with 
analyses of the cell population in the crypts (Hendry 
and Potten, 1974). By contrast there remains a 
dearth of information about the response of the in- 
testinal villi to radiation. Since the villi represent the 
functional “compartment” of the intestinal mucosa 
it is important to investigate the extent to which the 
radiobiological response of the stem cell compart- 
ment in the crypts can be correlated with that of 
the villi to which such cells migrate. 

In a previous paper (Hamlet et al., 1976) we 
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described an examination of the surface appearance 
of jejunal villi using scanning electron microscopy of 
aliquots of mouse gut which had also been examined 
by the microcolony assay technique following 
irradiation with y rays or fast neutrons. We ob- 
served differences between the effects on the surface 
morphology of these two forms of radiation at points 
of radiobiological equivalence in terms of crypt 
counting. We also found detectable changes in the 
surface morphology of the villi after dosage levels 
well below the limit of resolution by the crypt 
counting technique. 

We have now investigated the consequence, in 
terms of damage to the villus surface, of three 
régimes of fractionated radiotherapy chosen to 
mimic those which may be used in clinical practice. 
The scanning electron microscopical appearances 
have been analysed using a semi-quantitative ap- 
proach and these results have again been compared 
with quantitative data from the orthodox crypt- 
counting assay technique applied to aliquots of 
jejunum from the same mice. 


MATERIALS AND METHODS 

Adult male and female Cg3H/He mahogany mice 
(from Bantin & Kingman Ltd., Hull) 10 to 15 weeks 
old were irradiated using the fractionation schedules 
described below. Assay was made 3} days after the 
final irradiation dose was administered to allow 
crypt regeneration to a size sufficient for accurate 
assessment. The mice were killed and tissues pre- 
pared for light and electron microscopy. All 
histological and microscopy techniques used were as 
previously described (Hamlet et al, 1976). A 
minimum of eight mice per treatment were used in 
all the schedules. The time of irradiation within 
schedules was kept constant to avoid any artifacts 
due to circadian rhythms. Postmortem examination 
was made of animals dying before the day of assay. 


Irradiation procedures and dosimetry 
The whole-body exposures were made with 
cobalt 60 y rays and were carried out on an Orbitron 


therapy unit. A Perspex jig containing four animals 
. 
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was positioned in its broadest field such that the 
centre line of each mouse was 40 cm from the 
source; the dose rates to the tissue under these con- 
ditions, approximately 180 rad min“? over the 
period of the experiments, were measured using a 
tissue~equivalent chamber which was placed at the 
centre of a Perspex mouse phantom in the jig. This 
chamber was in turn calibrated against an NPL 
secondary standard Farmer-Baldwin ionization 
chamber under standard conditions. 

The partial body exposures were carried out 
using a Siemens Stabilipan I unit operating at 250 
kV and a current of 15 mA. Beam filtration gave an 
HVL of 1.85 --0.05 mm Cu. 

Mice were restrained in Perspex tubes which were 
positioned so that the abdominal cavity was over a 
2.5 em wide slot cut in a 3 mm thick lead sheet. 
Measurements of dose rate were made in a Perspex 
phantom with an ionization chamber both over the 
centre of the slot and 1.5 cm from its edge, where the 
femur was judged to be. The femoral dose was less 
than 4°, of the intestinal dose. The suitability of 
this phantom was checked by comparing this dose 
rate to measurements made with an ionization 
chamber placed in the abdominal cavity of a dead 
mouse. The difference was less than 3%. The 
profile of dose across the slot was determined 
using LiF thermoluminescent dosemeters. LiF rods 
were inserted at 0.5 cm intervals in a Perspex block 
which was positioned over the slot and irradiated. As 
a check on the relative doses at the intestines and 
femora, LiF rods were inserted at these sites into a 
dead mouse and irradiated. All measurements of 
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dose rate were made using a calibrated Farmer- 
Baldwin dosemeter. The dose rate obtained was 
75 rad min“. 


The Irradiation schedules 
Schedule A (whole body) 
300 rad daily fractions of Co gamma rays plus 
“assay” dose 
Mice were irradiated with 300 rad daily to a total 
of ten fractions. There was a two-day gap between 
the fifth and sixth fractions. Twenty-four hours after 
the final 300 rad dose an “‘assay” dose of 900 rad 
was administered to try and reduce crypt cellularity 
and hence total crypt number. 
Schedule B (whole body) 
450 rad daily fractions of Co gamma rays 
Mice received daily fractions of 450 rad to a total 
of five fractions in five days. 
Schedule C (partial body) 
250 rad fractions of X rays administered three times 
per day 
Mice received three fractions of 250 rad daily to a 
total of 18 fractions in six days. The three fractions 
were given during the day with three hours between 
fractions and hence the mice had an 18 hour period 
overnight when no irradiation was administered. 


RESULTS 
Regenerating crypts 

Figure | shows dose-response data for the effect 
on crypt regeneration of the three fractionation 
schedules. The curves were fitted by eye and, be- 
cause there was no significant difference between the 
crypt counts following all three schedules over at 
least the first 2000 rad, a common line was drawn 
which was also a reasonable fit for the whole of the 
data from schedule A. The dotted line shows the 
curve published previously (Hamlet et al., 1976) for 
the effect of single doses of y irradiation. 

Clearly schedule A produced a minimal reduc- 
tion in numbers of regenerating crypts from 1224-10 
in control mice to 96-12 after ten fractions of 300 
rad plus a 900 rad assay dose; a total of 3900 rad 
delivered over a period of 12 days and assayed 34 
days later at 154 days. By contrast, a similar total 
dose of 4000 rad with schedule C reduced the crypt 
count to 3343 with an even lower score of 18.56 
after 4250 rad over six days, assayed at 94 days. A 
small, but significant reduction in crypt number to 
85-+5 occurred with schedule B after daily frac- 
tions of 450 rad in four days, assayed at 74 days. 
These three dose-response curves will be referred to 
individually to enable comparison to be made with 
the relevant scanning electron microscopical appear- 
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Fic. 2a 
Scanning electron micrograph (SEM) of mouse ileum. This is a control of gooc lity showing well preserved 
3 
( 200) 





SEM of control chosen for its relatively poor quality. ( x 200 
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ance of the villi of replicate samples of jejunum from 
the same mice. 

Hendry and Potten (1974) have shown that re- 
generating crypts three days after single doses of 
irradiation appear larger than normal crypts. Thus 
they would have a greater probability of appearing in 
a section of intestine. For accurate assessment of Do 
and extrapolation number, particularly after crypt 
survival data are transformed into values of cell sur- 
vival, they suggest that a correction factor of 0.88 be 
applied to crypt results obtained from irradiated in- 
testine. As we have found no significant difference 
between crypt counts from control animals and 
those given low doses in our experiments, and be- 
cause we are not using a conversion to cell survival 
and also because the crypt results are being used 
principally for comparison between and within 
fractionation schedules, we have decided that it was 
not to 
presentation of our crypt survival data. 


necessary use a correction factor for the 


Scanning electron microscopy 

In all 
micrographs showed an unevenness in the progres- 
sion of surface damage with increasing dose and in 


three schedules, the scanning electron 


some cases a variation in the damage seen in samples 
from different animals which had received the same 
dose. ‘There was also a variation in the appearance of 
the control specimens, as seen in Figs. 2A and 2B. In 
order to assess these varying results, seven different 
factors influencing the morphology of the villi were 
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chosen and the whole area of each of the micrographs 
from each piece of gut was assessed independently 
for each of these factors (Figs. 2-6 illustrate only 
part of each area). 

The factors were: apparent villus height, apparent 
width, separation of the villi, erectness of the villi, 
contours of the villus tips, clumping of the villi 
and finally creasing of the villus surface with ac- 
companying surface damage such as wartiness or 
blebs. Height and width of villi were included in this 
subjective assessment since the problems raised by 
the disorientation, twisting and kinking of unsup- 
ported specimens were such that accurate measure- 
ments were not possible. 

Each factor was scored on a ranking system, from 
one to eight. One represented the “‘ideal’’ appear- 
ance of this factor, such as would be seen on a well 
preserved control specimen (see Fig. 2A). Two and 
three represented minimal and slight damage and 
four and five indicated moderate and substantial 
damage respectively. Six, seven and eight were used 
to indicate the range of severe to gross damage seen 
in some samples at the end of the experimental 
schedules. 

The mean scores for each factor were obtained 
from the scores from the individual specimens. For 
any given dose, the mean scores for all factors were 
then added together to give a total which could then 
be used as an index of the cumulative damage. 
Initially, the scores have been represented as a 
compound histogram, which includes the control 


Fic. 3. 


SEM from schedule A. Total dose 3000 rad. The villi are badly damaged, stumpy in shape and 


with abnormally bumpy surface. ( x 


200) 


488 


È y 


Fic. 4. 





SEM from schedule B. Total dose 2250 rad. The villi are fairly normal with a change in ap- 
parent height, i.e. they appear longer and floppy. They are not, however, badly damaged. 
( 100) 





Fic, 5. 


SEM from schedule C. Total dose 4250 rad. The villi are badly damaged with a very warty sur- 
face and blebs at some of the tips. ( x 100) 
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Fic. 6. 


SEM from schedule C. Total dose 3750 rad. Sample of irradiated gut showing signs similar to those seen with coeliac disease. 
( x 200) 
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Crypt survival curve for schedule A. Circle refers to the 
sample shown in Fig. 3. 
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and varies as the schedules continue, from a mini- 
mum of seven upwards. 

The compound histograms for the three schedules 
are shown, with the relevant graph of crypt counts, 
in Figs. 7, 8 and 9. The doses illustrated in the 
scanning electron micrographs (Figs. 3-5) are 
marked on the crypt count graphs. This allows the 
individual micrographs to be examined in context 
with the damage observed threughout the schedule, 
as seen by crypt counting and scanning microscopy. 

The damage seen by scanning microscopy as in- 
terpreted through the histograms is described below 
for each schedule. 

Before showing the results of irradiation, two 
examples of jejunal mucosa from untreated mice are 
provided in Fig. 2 to illustrate the fact that there are 
variations in the appearance of the villi but that 
these are relatively slight when compared with the 
pictures of gut from irradiated mice (Figs. 3-6). 
Using the semi-quantitative scoring system the 
upper example (Fig. 2a) would score only seven 
while the lower (Fig. 2B) would score nine—a 
slightly higher number but well below the values of 
13-30 to be given later for samples of gut from 
irradiated mice. The main difference between these 
two control samples lies in the fact that the villi are 


Crypt/ 


Circumference 
100 
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400 800 1200 1600 2000 2400 
Total Dose - Rads 
Fie. 8a, 


Crypt survival curve for schedule B. Circle refers to the 
sample shown in Fig. 4. 


less erect in the lower example but the appearances 
are otherwise very similar. 

Space only permits one photograph of gut sampled 
from each of the three fractionation régimes and 
these have therefore been selected to illustrate the 
broad conclusions of this report. The semi- 
quantitative SEM assay has, however, been per- 
formed using photographs of at least four samples at 
each dose level, as has quantitative crypt counting, 
and all these data are shown in Figs. 7-9 in order to 
make it quite clear how representative Figs. 2-5 are. 
Thus Fig. 3 shows the surface appearance of gut 
from a mouse which had received 3000 rad under 
schedule A. In Fig. 7a the appropriate crypt. sur- 
vival curve shows that the specimen was from a 
group with a mean count of 96 crypts. The histo- 
gram in Fig. 7B shows that the semi-quantitative 
score of villus damage was 30 after this dosage of 
fractionated radiation. Comparison of Figs. 3 and 7 
shows considerable damage to the mucosal surface 
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Fic. 8B. 
Histogram of surface damage in schedule B. 
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Crypt survival curve for schedule C. Circle refers to the 
sample shown in Fig. 5, 


with one of the highest scores on our assay system, in 
contrast to the minimal depression in crypt counts 
from 122-10 to 964-12, a difference which is 
hardly significant. 

The crypt counting value corresponding to the 
sample of gut shown in Fig. 4 is significantly de- 
pressed, however, at 85-5 (see Fig. 8a). On the 
other hand, the villus appearance scores only 13 on 
the semi-quantitative assay (Fig. 8B) and the SEM 
picture (Fig. 4) shows that a dose of 2250 rad under 
schedule B has caused only minor damage to the 
mucosa, The villi are clumped together and less 
erect but appear to have a greater than normal 
height. A small amount of villus damage can thus be 
correlated with a small depression in crypt re- 
generation after schedule B, 

With schedule C there is also a good correlation 
between the results of the two assay methods. 
Figure 5 shows a very badly damaged mucosal sur- 
face in the SEM photograph after a total dose of 
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Histogram of surface damage in schedule C, 


4250 rad which reduces crypt survival to only 18.5 
-+6 with a villus damage score of 24 (see Fig. 9). 
This does not represent as much surface damage as 
that shown in Figs. 3 and 7B (schedule A) but there 
is a reasonable correlation between the two scores in 
that a low crypt number is associated with a high 
villus damage number following a large total dose of 
radiation. 

At the lower total dose of 3750 rad with this 
schedule a reasonable correlation is also found; 
namely, a crypt count of 47-3 and a villus dimage 
score of 14. A specimen from an animal which re- 
ceived this dose is shown in Fig. 6 and illustrates 
another variation sometimes found in the surface 
appearance. In this example the pattern is similar to 
that of coeliac disease with a localized absence of 
villi and a heaping up of cells around the mouths of 
the crypts. 


Discussion 

It is well known that intestinal epithelium is one 
of the cell-renewal populations, with stem cells in 
the crypts of Lieberkuhn proliferating to provide 
renewed cells which transit up onto the villus surface 
to be finally extruded from the tip. It follows from 
this that the response to radiation will be initially 
seen in the crypts as an inhibition of cell prolifer- 
ation, followed in due course (depending on the 
transit time) by a reduction of villus cell population 
and therefore of villus height. It would therefore be 
expected that in a fractionation régime extending 
over a period of time much in excess of the transit 
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time of the intestinal cell population from crypt to 
villus tip, the extent of crypt damage would be re- 
flected in the amount of villus damage and vice 
versa. This expectation was confirmed by our data 
with treatment schedule C but not with schedule A 
and only to a small extent with schedule B. 

Much of the radiobiological literature concerning 
the radiation response of small intestine is based 
upon the regenerating crypte counting method of 
Withers and Elkind (1970)—the so-called micro- 
colony assay. Use of the method has provided de- 
tailed dose-response data for both single and 
fractionated radiation schedules but the authors 
(Withers et al., 1976) make the assumption that the 
response of the jejunal mucosa is dependent upon 
the capacity of crypt stem cells to repair sublethal 
radiation injury and to regenerate. Over the range of 
doses used in our experiments, for example, they 
conclude that surviving crypt cells shed sublethal 
damage equivalent to about 60% of each dose. That 
leaves a residual damage of only 40°, which, at 
the low dose levels in question, would easily be re- 
paired by the regeneration consequent upon the two 
doublings per day from the 12 hour cycle time of the 
normal jejunal stem-cell population. 

This hypothesis is confirmed by those authors’ 
own experiment where mice received 275, 300 or 325 
rad per day for nine days and a final dose of 1230 
rad on the tenth day (a very similar régime to our 
schedule A). They concluded that crypt cell num- 
bers were probably not depleted after such a régime 
and this is what we also found. Neither these 
authars nor others who use the microcolony assay 
make any observation on the effect on the villus 
surface of such régimes, however. The serious and 
even lethal effect of villus denudation is assumed to 
correlate with severe crypt damage but the present 
studies show that this may not always follow. The 
alternative end-point of gastrointestinal death does 
not necessarily provide a correlation either (Wam- 
bersie et al., 1974) because such data were based upon 
the simple end-point of death (or survival) which 
does not permit much resolution of the degree of 
damage to the mucosal surface. 

All these data from the literature and from our 
own experiments confirm the importance of damage 
to the intestinal mucosa in limiting the dosage of 
radiotherapy delivered in various fractionation 
régimes. The majority of studies concern the acute 
effects of radiation on gut. Late complications of 
radiotherapy have also been reported (Roswit et al., 
1972) and the radiological changes may mimic the 
effects of coeliac disease (Wellwood and Jackson, 
1973) and other malabsorption syndromes. This 


was exemplified in our example shown in Fig. 6, 
albeit from an acute reaction. 

The timing of even the acute reaction may be 
critical in determining the survival of the mouse to 
a régime of irradiation. This is especially relevant to 
those fractionation régimes where the duration ex- 
tends into the period when bone-marrow death may 
occur, a circumstance which is possible with total 
body irradiation (as in our schedules A and B) but 
less likely when only the abdomen is irradiated (as 
in schedule C). 

These results emphasize the fact that doses 
which do not seriously disturb the proliferative 
capacity of a biological system might considerably 
disrupt its specific function which may, in turn, 
affect systems remote from the site of insult. Also, 
they demonstrate that damage to different sections of 
the same organ may occur at different times thus 
complicating the complete picture of radiation in- 
jury. The possibility that some of these effects seen 
by scanning electron microscopy may, in part, be 
the consequence of damage to the underlying stroma 
will be examined by transmission electron micros- 
copy. 
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ABSTRACT 

Experimental data on survival curves for pion beams of 
different peak widths under aerobic and hypoxic conditions 
are reported. Metabolic depletion of oxygen by the Chinese 
hamster cells (line V79) was used to obtain hypoxia. The 
results indicate that the RBE at the beam entrance (plateau) 
is approximately 1.0. When the Bragg peaks were broadened 
to widths of 1.3, 7.8, and 10.5 cm (at the 80% dose level), 
the RBE (50°, cell survival) at the peak centres was 1.7, 1.6, 
and 1.2, respectively. ‘The OER at the entrance was 2.4 
compared with about 2.9 for X rays. The OER was indepen- 
dent of the survival level at which it was measured. The 
OER at the peak centres at widths of 1.3, 7.8, and 10.5 cm 
was 2.1, 2.4, and 2.2, respectively. These results indicate 
that, although the RBE at the centre of the 10.5 cm wide 
peak was significantly lower than at the centres of the 1.3 
and 7.8 cm peaks, the OER values are similar for all peak 
widths used tn this study. 


The biological effects of pions have previously been 
studied mostly at low dose rates (4 rad/min) and in 
beams with a narrow peak (approximately 1.5 cm in 
lucite at the 80% dose level) (Feola et al., 1968; 
Loughman et al., 1968; Raju et al., 1970; Raju and 
Richman, 1972; Baarli and Bianchi., 1972; Dertinger 
et al, 1976; Fritz-Niggli, 1976). The pion beam 
used by the group in Great Britain was from a high- 
energy physics facility at Harwell (NIMROD), it 
had a low dose rate (3 rad/min) but a broader Bragg 
peak (about 3 cm in lucite at the 80% dose level) 
which is still small compared with peak widths 
necessary for therapeutic applications (Winston et al., 
1973; Nias et al, 1974; Lloyd et al., 1975; Purrott, 
1975; Coggle et al, 1976; Mill et al., 1976). Pre- 
therapeutic radiobiology programmes are progressing 
rapidly at Los Alamos, Vancouver, and Zurich, and 
pion beams with increasing dose rates over large 
volumes are becoming available. Radiobiological 
work with pions has been reviewed by Raju and 
Richman, (1972), Raju, (1974) and Raju et al. (1977). 
It is of interest to study parameters of therapeutic 
concern such as OER and RBE and how they vary 
with changes in peak width. Measurements of cell 
survival as a function of depth for pion beams when 
their Bragg peaks were broadened to different widths 
have been reported by Raju et al. (1977). In this 
report, we present data on survival using Chinese 
© Copyright held jointly by The British Institute of 
Radiology and the Los Alarnos Scientific Laboratory, 1979. 
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hamster cells (line V79) under aerobic and hypoxic 
conditions at the peak centres for pion beams with 
different widths of peak. 


MATERIALS AND METHODS 

Cells 

A technique similar to that of Hall and Lehnert 
(1973) was used. Chinese hamster cells (line V79) 
were used in these experiments. Stock cultures were 
maintained in exponential growth as monolayers in 
plastic tissue-culture flasks (Falcon 3024, 75 cm? 
growing area) at 37°C in a humidified atmosphere 
containing 5% CO2 with 95°% air. The nutrient me- 
dium used was BME (Gibco G-13) supplemented 
with 50U/ml potassium penicillin, 50ug/ml strepto- 
mycin sulphate, 1.5 pg/ml amphotericin B, and 
10% fetal calf serum. About 4x106 cells were 
inoculated into each of four 250 ml Falcon plastic 
flasks on the day before the experiment. On the day 
of the experiment, the cells in exponential growth 
were harvested by trypsinization. Cells were exposed 
in plastic capsules made from 1 ml Falcon pipettes 
cut into 4.4 cm long pieces. The internal and ex- 
ternal diameters of the pipettes were 2.9 and 4.6 mm 
respectively. One end of the pipette piece was heat- 
sealed using a soldering iron with a modified tip, and 
the sealed end was immersed in molten wax to cover 
any microscopic holes. A series of capsules were 
filled from the bottom with 0,2 ml at 3 x 106 cells/ml 
and another series of capsules with 0.2 ml at 3 x 104 
cells/ml. After filling, the open ends were also heat- 
sealed and immersed in molten wax. The capsules 
were always kept in the vertical position to allow the 
cells to settle to the bottom. The capsules were kept 
in an incubator (37°C) for two hours and at room 
temperature (approximately 20°C) for about three 
hours. After this total period of five hours, the capsules 
with a concentration of 3 x 108 cells/ml were found 
to be radiobiologically hypoxic as judged by their 
X-ray response, and the capsules with a concen- 
tration of 3x 104 cells/ml remained aerobic, as re- 
ported by Hall and Lehnert (1973). After exposure, 
the capsules were vigorously shaken for about one 
minute using a Yankee pipette shaker.* One end of 
the plastic capsule was cut using a single-edged 
razor blade. The cell suspension was pipetted about 
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ten times using a Pasteur pipette before the cells 
were removed from the capsule. After making ap- 
propriate dilutions, the cells were plated on Falcon 
plastic dishes and assayed for colony formation. 


Radiation exposures 

X rays generated at 250 kV (Thoraeus II filter) 
were used as a standard source for the control 
experiments. Exposures werg made at room tem- 
perature using a vertical beam covering the entire 
length of the capsule. The capsules were kept at 
approximately a 45° angle during exposure so that 
the cells remained at the bottom. 

Three pion beams were used in this investigation. 
The biomedical beam at the Los Alamos Meson 
Physics Facility (LAMPF) is a vertical beam and is 
nearly monoenergetic (momentum beam spread 
AP/P about 2%). The width of the Bragg peak is 
about 3 cm at the 50°% dose level and 1.3 cm at the 
80% level. This beam was modified to give peak 
widths of 7.8 and 10.5 cm (at the 80°, dose level) 
using a dynamic range shifter (Amols et al., 1977) 
which consisted of a fluid-filled piston that can be 
computer-programmed to modify the depth-dose 
distribution of a nearly monoenergetic beam to any 
desired peak width and shape. The plastic capsules 
were exposed to a series of doses at the peak centres 
of the three beams and at the entrance (plateau) of 
the beam with a 7.8 cm wide peak. The thickness of 
the capsule in the beam direction was 5 mm. The 
entire length of the capsule (about 4 cm) was 
within the 909% isodose contour. 

j RESULTS 
X rays 

Previous experience indicated that keeping the 
capsules for two hours at 37°C and for about three 
hours at room temperature gave reproducible re- 
sults. Storage at room temperature for up to 24 
hours prior to exposure did not alter the sensitivity 
of either the aerated or hypoxic cells. Also, delays of 
up to three hours between exposure and plating of 
the cells did not result in significant differences in 
radiation sensitivity. The fact that the radiation 
sensitivity remains the same with storage at room 
temperature either before or after exposure makes 
this technique highly suitable for radiobiological 
studies at accelerators where occasional delays are 
inevitable. 

The experiments using X rays were always done 
in parallel with pion experiments. A dose rate of 
200 rad/min was used in most experiments. The 
results of all experiments pooled together are shown 
in Fig. 1. It can be seen that good hypoxia was 
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Percent survival vs dose of X rays for aerobic and hypoxic 
V79 cells. The points plotted represent the average of six 
different experiments, and the error bars represent one 
standard deviation (from the six experiments). The solid 
line represents the best fit to the data according to the 
Leenhouts-Chadwick model, as explained in the text. 
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Percent survival vs dose for X rays at 11 and 210 rad/min 
under aerobic and hypoxic conditions. 


obtained using this method. The OER of about 
three was found to be nearly independent of the 
dose level at which it was calculated; hence, oxygen 
appears to be a dose-modifying factor under these 
experimental conditions. 

X-ray cell survival measurements under aerated 
and hypoxic conditions were also made at dose 
rates of 11 and 210 rad/min to study the effect of 
dose rate on RBE and OER. As shown in Fig. 2, the 
data indicate that survival levels at low dose rates 
were slightly higher than at high dose rates (the 
difference may not be statistically significant) and 
that the OER does not vary by more than about 10% 
in this dose-rate region. 


Negative pions 

The aerobic and hypoxic capsules were exposed 
at the following positions in a lucite block: (1) 
entrance (plateau) (8 rad/min); (2) the centre of the 
peak 1.3 cm wide labelled A in Fig. 3 (25 rad/min); 
(3) the centre of the peak 7.8 cm wide labelled B 
(12 rad/min); and (4) the centre of the peak 10.5 cm 
wide labelled C (10 rad/min). The dose rates were 
measured using a thimble-type ionization chamber 
which was calibrated on a 6°Co y-ray beam. No 
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corrections for the values of W, stopping power, or 
kerma have been made since these factors are not 
known. Errors resulting from this approximation 
have been estimated to be 5% or less (Dicello, 1976). 
The depth dose distribution of pion beams and the 
points at which the exposures were made are shown 
in Fig. 3. Two experiments were done at each 
position. In order to minimize subjectivity in deter- 
mining RBE and OER, a least-squares fitting routine 
was used to analyse the cell survival data according 
to the models of Widerde (1968), S=e~#P[1— 
(1 —e-P/Do)8], and Leenhouts and Chadwick (1973), 
S amg ~*D -2 D? 

The survival curves at each position are shown 
individually in Figs. 4-7. The solid lines through 
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Relative dose vs depth for the three pion beams used in this 

experiment. The arrows indicate the positions at which cell 

irradiations were made. Curve a is for the unmodified pion 

beam; curves B and € were obtained by using a dynamic 
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Percent survival vs dose of negative pions at the entrance 
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experiments. The solid lines represent the best fit to the 
data according to the Leenhouts-Chadwick model. 
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Percent survival vs dose of negative pions at the peak 

position of the unmodified pion beam (curve a, Fig. 3). The 

points plotted represent the average of two experiments. 

The solid lines represent the best fit to the data according to 
the Leenhouts-Chadwick model. 
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Percent survival vs dose of negative pions at the peak centre 
(curve B, Fig. 3). The points plotted represent the average 
of two experiments. ‘The solid lines represent the best fit to 
the data according to the Leenhouts-Chadwick model. 
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Percent survival vs dose of negative pions at the peak centre 

(curve c, Fig, 3). The points plotted represent the average of 

two experiments. The solid lines represent the best fit to the 
data according to the Leenhouts-Chadwick model. 
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Percent survival vs dose for X rays (200 rad/min) and pions 

in the peak (curves A, B, and c in Fig. 3) and at the entrance 

(plateau). The curves represent the best fits to the data as 
described in the text. 
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OER and RBE for negative pion beams of different peak widths 


TABLE I 
LeeNHOUTS-CHADWICK MODEL 

















z B 
Beam (rad-! x 103) | (rad-® x 108) RBEso RBEyo OERs0 OER 

X rays, ar 1.8 2.41 1.0 1.0 3.0 28 
X rays, hypoxic 0.5 0.3 — — 

aw, 1.3 cm peak, air 3.5 3.9 1.7 1.6 21 21 
n~, 1.3 cm peak, hypoxic e 1.8 0.7 — — 

n~, 7.8 cm peak, air 3.5 2.0 1.6 1.4 24 23 
n~, 7.8 cm peak, hypoxic 1.4 0.5 — — 

x7, 10.5 cm peak, air 2.1 2.3 1.1 1.1 1.9 22 
nv, 10.5 cm peak, hypoxic 1.3 0.2 — — 

17, 7.8 cm entrance (plateau), air 1.2 2.1 0.8 0.9 23 24 
n~, 7,8 cm entrance (plateau), hypoxic 0.6 0.3 — — i 























TABLE II 
WIDERÖE MODEL 

















































































these data points are the best fits using the model of 
Leenhouts and Chadwick. A composite of all sur- 
vival curves without data points is shown in Fig. 8. 
The RBE and OER estimates at 50% and 10% 
survival calculated using both the Leenhouts- 
Chadwick and Wideröe models are shown in Tables 
I and II. Also included in Table I are values of a 
and £ for the Leenhouts-Chadwick model and in 
Table II the values of initial slope, final slope, and 
shoulder width (Dgo) for the Widerée model. Be- 
cause of limitations in beam time, the survival data 
in some cases could not be extended to lower 
survival levels to reach the exponential region. 
Hence, the calculated values of Do from Widerée’s 
model and the 8 component in the Leenhouts- 
Chadwick model may not always be reliable. Never- 
theless, the biological models fit the data quite well. 
In the dose range studied here, there were no 
significant differences in estimates of OER and 
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Initial Final Initial Do | Do 
Do (rad) | Do (rad) Final Do (rad) | RBEso | RBE1o | OERso | OER10 
X rays, air 460 180 2.6 340 1.0 1.0 29 29 
X rays, hypoxic 4000 640 6.3 560 — == z 3 
n~, 1.3 cm peak, air 420 150 2.8 120 1.7 1.6 20 at 
z~, 1.3 cm peak, hypoxic 530 280 1.9 390 — —_ . á 
z7, 7.8 cm peak, air 300 160 2.0 170 1.6 1.4 22 4 
z~, 7.8 cm peak, hypoxic 630 300 2.1 650 — — i : 
z~, 10.5 cm peak, air 370 160 2. 330 1.2 1.1 21 2.2 
x, 10.5 cm peak, hypoxic 1600 490 3. 290 — — i ; 
n7, 7.8 cm entrance (plateau), air 1200 240 4. 260 0.8 0.9 23 24 
z- 7.8 cm entrance (plateau), hypoxic 1700 580 3. 660 — _ : 















































RBE obtained by these models and the maximum 
variations from experiment to experiment did not 
exceed 4-0.2. 


Discussion 

The RBE at the peak centres of the 1.3 and 7.8 em 
wide peaks is high but is reduced sharply at the 
centre of the 10.5 cm wide peak. The OER values 
for a pion beam of a given width do not vary 
significantly with the level of cell survival, indicating 
that the oxygen effect appears to be a dose-modifying 
factor for pions. The OER does not increase con- 
siderably with increasing peak width. The OER at 
the entrance (2.3 to 2.4) seems to be significantly 
lower than that for X rays (2.8 to 3.0), and this 
result is consistent with the findings of Winston 
et al. (1973). 

The fraction of dose deposited by charged par- 
ticles from stars decreases sharply with increasing 


Vou. 52, No. 618 


M. R. Raju, H. I. Amols, E. Bain, S. G. Carpenter, R. A. Cox and J. B. Robertson 


peak width, with a concomitant reduction in high 
LET components, However, with increasing peak 
width (or stopping volume), the fraction of dose 
resulting from neutrons from stars increases, com- 
pensating somewhat for the decrease in LET. 
Schillaci and Roeder (1973) calculated that the 
percentage of dose deposited by neutrons from stars 
in stopping volumes of 0.01, 0.1, and 1 litre was 2, 
10, and 20%, respectively. The pion beams with 
peak widths of 1.3, 7.8, and 10.5 cm used in this 
investigation had stopping volumes of 0.05, 0.08, 
and 0.16 litre respectively. Previous experimental 
data (Raju et al., 1977) indicate that charged particles 
from stars influence the RBE to a large extent during 
the last few centimetres of the distal end of the 
bread peak. The RBE is reduced sharply toward the 
proximal end of the broad peaks where a larger 
fraction of the dose is due to ionization loss of 
passing pions, and the dose fraction from stars is 
considerably reduced. However, the increasing frac- 
tion of dose due to neutrons from stars with in- 
creasing peak width, as indicated by the calculations 
of Schillaci and Roeder, seems to be responsible for 
obtaining similar OER values for different peak 
widths. ‘This is consistent with the work of Raju and 
Jett (1977) in which it was indicated that a small 
component of high LET radiation significantly de- 
creases the OER without appreciably increasing the 
RBE. 

As shown in Table IJ, the effect of negative pions 
on cells is mainly in reducing the width of the 
shoulder (Dg) rather than in altering the final slope 
of the survival curve. In conclusion, our results 
indicate that, although the RBE at the centre of the 
10.5 em wide peak was significantly reduced when 
compared with centres of 1.3 and 7.4 cm peaks, the 
OER values are similar for all widths of peak used in 
this study. 
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The value of large scale MMR surveys of popula- 
tions has sometimes been questioned (Kitabatake et 
al., 1973; ICRP, 1970), by considering the useful- 
ness of the diagnostic information received from 
such surveys in relation to the potential hazards. In 
this connection it was considered desirable to carry 
out a radiation protection survey and measurements 
of dose received by the patients in a mobile MMR 
unit used under local conditions in India, applying 
TLD techniques. 


MATERIALS AND METHODS 

The survey was carried out inside a self-contained 
mass-miniature radiography unit. It is built on a 
424 cm wheel-base chassis and accommodates an 
Escorts (India) X-ray set (100 mA, 100kV, inherent 
filtration 0.5 mm Al equivalent) with a rotating 
anode of 0.8 x 1.8 mm focal spot and a straight hood 
Odelca camera type 70-VII-U (N.V. Optische 
Industrie, Holland). The X rays pass through a 
stationary grid 426 mmx 426 mm on to a slightly 
curved 40 cm x 40 cm fluorescent screen (green), the 
light from which is focused by means of a com- 
bination of lens and concave mirror onto a 70 mm 
film. The dark room is located inside the van beyond 
the camera in a direction opposite to that of the 
operator. A bench is provided along one side of the 
van near the camera and dark room. The distance 
from the tube-head to the camera is fixed (91.5 cm). 
The patient is positioned in front of the camera on a 
lift stand and the height is adjusted by an electrical 
switch such that the patient is centred with respect 
to the mark on the camera hood. The operator 
stands in one corner of the van behind a lead screen 
with a viewing lead glass. Scopix T2 (a fast ortho- 
chromatic film) and Agfa-Gevaert (India) developer 
are used. 

In this study CaSO,4:Dy, procured from the 
Division of Radiological Protection, Bhabha Atomic 
Research Centre, Bombay, was used as TLD. 50 mg 
aliquots of the TLD phosphor were dispensed in 


gelatin capsules, and the capsules were stuck to the 
patient with cellotape at the centre of the entry and 
exit levels (after positioning of the patient) and near 
the gonads. For gonadal dose measurement, the 
same capsule was used in two series of 25 patients 
each to enable the dose to be integrated and mea- 
sured accurately. (It was verified by phantom studies 
that the presence of the capsule with TLD did not 
leave an impression on the film). For the survey of 
radiation levels inside the van, TLD capsules were 
stuck on the inside of the van at a height of 1.5 metre 
on the door frame near the hinges of the entry and 
exit doors. Similar TLD capsules were also stuck on 
the patient side and the operator side of the lead 
glass viewing window of the protective screen, on the 
bench and on the outer walls of the van. Both the 
entry and exit doors were kept open during the 
exposure. After exposures the doses were evaluated 
by a Harshaw TLD-2000 reader. 

In view of its well-known energy dependence, 
particularly at low energies, calibration of the 
CaSO4:Dy phosphor was done against a Siemens 
dosimeter with a soft radiation chamber. ‘This cham- 
ber is intended for measurement of soft X rays 
where the error does not exceed +2% for the entire 
range 12-80 kVp. An additional check was carried 
out by comparing the Siemens dosimeter values 
with film dosimetry with the kind co-operation of the 
Bhabha Atomic Research Centre. The results agreed 
within -+5%. 

A chest phantom (simulating lung tissue, bone and 
soft tissue in appropriate composition and anatomy) 
was fabricated and used to arrive at the optimum 
settings of filtration and mAs which would give good 
quality radiographs consistent with minimum radia- 
tion exposure. The current setting chosen was 
20 mAs with 1.6 mm added Al filter (total filtration 
2.1 mm Al). Depending upon the thickness of the 
patient three different settings of kVp were used, 
viz. 70, 76 and 80. The total number of patients 
studied was 50 (all adult males). 
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TABLE I 
ENTRY AND EXIT EXPOSURES RECEIVED BY PATIENTS UNDERGOING CHEST X-RAY BY MASS~MINIATURE RADIOGRAPHY UNIT 





‘Total filtration Total No. of 










Mean Entry Exposure mR 





Calculated from Mean exit 








mm Al cases studied Experimental table* exposure mR 
a a 
9 2.1 20 170 4-12 17847 
2.1 15 231 +13 21747 
24 15 256 4-29 354411 








*Radiological Health Handbook (1970). 


TABLE H 


RADIATION PROTECTION SURVEY OF MASS-MINIATURE 
RADIOGRAPHY VAN 








Location of TLD Dose in mR 
dosimeters per exposure 

Entrance door 0.40 
Exit door 0.70 
Viewing (lead) glass on patient’s 
side 1.4 
Viewing (lead) glass on operator's 
side Background 
Bench 3.3 
Chater walls of van Background 








maaninen aiana ana a in 


RESULTS 
Table I gives the mean values of entry and exit 
exposures for the three kVp settings used. For com- 
parison the values derived from the tables in the 
Radiological Health Handbook (1970) are also in- 
cluded. The two sets of values are in close agreement. 
‘The average male gonadal dose was 0.33 mR per 
exposure (average of two sets of integrated exposures). 
"fable IT gives the radiation levels at the different 
locations inside the mass-miniature radiography van. 


CONCLUSION 
lt may be seen from Table If that the dose per 
exposure at the bench is on the high side (3.3 mR) 
indicating that the screening between this area and 
the camera is inadequate. It would, therefore, be 
inadvisable for a person to be present in this area 
while exposures are being made. The unprocessed 









films should also not be stored in this region so as to 
avoid any fogging. 

The present study has shown that the use of TLD 
is a convenient and sensitive method for the assess- 
ment of doses to the patient and operating personnel 
in MMR units. Keeping in view the utility of the 
MMR units in India, particularly in rural areas, for 
the diagnosis of chest diseases (even in the present 
survey two out of the 50 chest X-rays had doubtful 
shadows which were confirmed on further investiga- 
tion to be tuberculosis cases), and the acceptable 
levels of radiation doses (150-330 mR per exposure 
as per the present survey), it is considered that mass- 
miniature radiography has a role to play under 
certain conditions. 
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Tricuspid valve endocarditis is uncommon and as a 
complication of pacemaker implantation it is rare. A 
patient in whom this occurred is described. Echo- 
cardiography showed the presence of tricuspid valve 
vegetations which regressed following antibiotic 
treatment. 


Case REPORT 

A 56-year-old man with a two year history of Stokes 
Adams attacks had a pacemaker implanted in September 
1970. Elective replacement in January 1974 was uneventful. 
In October 1976 he was admitted to hospital with brady- 
cardia of 30 beats/min. A temporary transvenous endo- 
cardial electrode was inserted via the left median cubital 
vein. The permanent pacemaker and electrode were ex- 
plored on October 28 and the electrode was found to be 
faulty. Replacement of this was technically difficult and the 
procedure took almost four hours. During this period 
ventricular fibrillation occurred twice but promptly re- 
sponded to direct current defibrillation. Eventually stable 
pacing was achieved and a permanent pacemaker implanted 
in the right pectoral region. Antibiotic prophylaxis was 
given: ampicillin 250 mg q.d.s. and flucloxacillin 250 mg 
q.d.s. for six days. He was discharged after removal of 
sutures on the seventh day. The wounds were healed and 
clean. On 13.12.76 pacing was satisfactory and the wounds 
were again noted to be clean. 

On 6.1.77 he was admitted to hospital with a four day 
history of malaise and rigors. He was confused and pyrexial 
(maximum temperature 40°C). A systolic murmur, not 
previously noted, was heard in the tricuspid area. The spleen 
was palpable 3 cm below the left costal margin. A diagnosis 
of tricuspid valve endocarditis was suspected. Two blood 
cultures taken on the day of admission grew gram positive 
cocci and treatment with fucidin 500 mg t.d.s. and lin- 
comycin 1.2 G b.i.d. was commenced. On 10.1.77 pacing was 
only intermittent and on 13.1.77 epicardial pacing was 
instituted via the xiphisternal approach; a new pacemaker 
was implanted in the anterior abdominal wall. The right 
pectoral pacemaker and electrode were removed. 

On 14.1.77 he became more confused and was hypo- 
tensive: septicaemic shock was diagnosed. He received 
solumedrone 2 G stat and 500 mg q.d.s., fucidin 500 mg 
t.d.s. and gentamicin 80 mg t.d.s. lincomycin was stopped 
because of diarrhoea. On 15.1.77 he bacame unconscious and 
oliguric. Haemoglobin had fallen from 14.1 g/dl to 9.3 g/dl 
and blood urea had risen from 11.3 m.mol/] to 32.8 m.mol/l 
Peritoneal dialysis was commenced using Diaflex No. 61 
solution. Echocardiography showed vegetations on the 
anterior cusp of the tricuspid valve and a small pericardial 
effusion (Fig. 1A). 

He remained seriously ill for two weeks: recovery was 
complicated by a right deep vein thrombosis and severe 
pulmonary oedema. Gradually he began to improve; urine 
output increased and blood urea began to fall. On 23.2.77 
echocardiogram of the tricuspid valve was normal (Fig. 18). 
Intermittent peritoneal dialysis was continued and further 
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Fic. 1A. 
Tricuspid endocarditis. Vegetations (arrowed) are super- 
imposed as multiple echoes on the trace of the tricuspid 
valve. 
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Fic. 1B. 


Trace of the tricuspid valve following treatment. Thin cusp 
echoes are seen. 


recovery was uneventful. He was discharged on 6.4.77. The 
blood urea was normal. 

The blood glucose was elevated on several occasions and 
he was subsequently shown to be mildly diabetic. This was 


adequately controlled by dietary restrictions. 
e 
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DISCUSSION 

Infective endocarditis is a rare complication of 
pacemaker implantation (Schwartz and Pervez 
1971). Two factors contributed to its occurrence in 
our patient. Firstly, the length of time taken to 
implant the new unit and also diabetes mellitus 
(Torresani et al., 1969). The diagnosis was estab- 
lished by clinical findings, echocardiography and 
positive blood culture. Echocardiography readily 
demonstrates vegetations on the aortic and mitral 
valves but convincing examples of tricuspid valve 
vegetations are uncommon. This is because of the 
difficulty of obtaining clear tracings of even the 
normal tricuspid valve and the rarity of tricuspid 
endocarditis. Vegetations are seen as fuzzy, speckled 


echoes superimposed on the valve cusps (Fig. 14). 
In this case, the ultrasound confirmed the clinical 
diagnosis but echocardiography may also help in the 
diagnosis of endocarditis when the blood cultures are 
negative (Naik et al., 1978). 
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Polyarteritis nodosa is a collagen vascular disease 
manifesting itself as a necrotizing arteritis of small 
and medium-sized arteries. The kidneys are often 
radiographically involved and have been well de- 
scribed in the literature. There are, however, only 
three case reports of ureteric changes associated with 
polyarteritis nodosa (Fisher and Howard, 1968; 
Samellas, et al., 1971; Glanz and Grunebaum, 1976). 
This report adds a fourth case to the literature and 
also includes follow-up studies showing regression of 
the ureteric changes after steroid treatment. 


Case REPORT 

A 19-year-old Japanese-American male was admitted to 
the hospital because of gastroenteritis with fever, vomiting 
and constant abdominal pain of three days’ duration. Sub- 
sequent history of weight loss, migratory polyarthralgia, 
fever and chills for the preceding one-and-a-half months 
raised the question of more serious disease. There was no 
history of medication or drug abuse. Past history was other- 
wise unremarkable. Physical examination showed only non- 
specific mild epigastric tenderness. Laboratory findings 
included microhaematuria, slightly elevated white blood cell 
count and marginal elevation of alkaline phosphatase and 
liver enzymes. 

Intravenous cholangiogram, oral cholecystogram, upper 
gastrointestinal and small bowel study and barium enema 
were all normal. An excretory urogram showed that the 
kidney and bladder were normal. The major finding was 
nodular irregularity with imprinting along the wall of the 
proximal right ureter, and fullness of the collecting system 
and renal pelvis on the right. There was also minimal 
irregularity of the proximal left ureter. Retrograde pyelo- 
graphy (Fig. 1) confirmed the IVP findings. Urine culture 
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and cytology obtained during the retrograde examination 
were both negative. 





Fic. 1. 
Retrograde examination of the right ureter shows irregularity. 
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Because of persistent fever and right upper quadrant pain, 
the patient underwent exploratory laparotomy. At surgery 
the gall-bladder was inflamed, and a cholecystectomy was 
performed as well as an appendectomy. The proximal right 
ureter was thick-walled, indurated and inflamed. Biopsies 
taken in this area showed segmental necrotizing arteritis in 
the periureteric tissues. Similar changes were seen in the 
gall-bladder and appendix. Subsequent arteriography 
showed the liver, pancreas and bowel to be unremarkable. 
Microaneurysms were present in the distal small vessels of 
the kidneys bilaterally, particularly on the right (Fig. 2). 

The patient’s subsequent hogpital course was unremark- 
able. He was discharged on steroid therapy. A follow-up 
excretory urogram two months later showed that the notch- 
ing of the proximal right ureter was less marked, but there 
was still mild obstruction of the proximal urinary system. 
An excretory urogram one year later when the patient was in 
clinical remission showed the right ureter was now com- 
pletely smooth and the mild obstruction was no longer 
present (Fig. 3). 


DISCUSSION 

Polyarteritis nodosa is a systemic disease which 
affects small and medium-sized arteries leading to 
functional impairment of organs. The disease is 
clinically manifested by various symptoms which 
depend on the location of the vascular lesions. 
Lesions are common in the kidneys, lungs, heart, 
gastrointestinal tract, liver and testes. 





Fic. 2. 


Magnification selective renal arteriograms demonstrating 

microaneurysms (short arrows). Also note irregularity of 

proximal ureter (long arrows), and fullness to collecting 
system and pelvis. 


The kidneys are frequently involved and the 
angiographic findings in polyarteritis nodosa have 
been well described. Co-existence of distal micro- 
aneurysms with vascular irregularity and thrombosis 
is said to be specifically indicative, at least up to 80% 
of the time, of polyarteritis nodosa (Ekelund and 
Lindhold, 1974; Padovani, et al., 1974). 

Descriptions of ureteric lesions, such as were 
present in this case, are rare. The ureteric irregularity 
along with the mild obstructive changes seen on the 
excretory urogram are similar to those previously 
described. Thickening and oedema of the ureter 
walls caused by the involvement of the arteries in the 
circular muscular layer and in the adventitial connec- 
tive tissue are responsible for the radiographic 
manifestations of irregularity and mild obstruction 
of the ureter. The follow-up excretory urograms 
demonstrate the reversibility of these ureteric 
changes. 





Fic. 3. 


IVP examination one year later demonstrates the ureter is 
now smooth. Also the mild obstructive changes have now 


resolved. 
e. 
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Bladder diverticulum: an uncommon cause of acute retention of urine 


ina male child 
By K. J. Shah, M.B., Ch.B., D.M.R.D., F.R.C.R. 


Department of Diagnostic Radiology, The Children's Hospital, Birmingham B16 8ET 


(Received October, 1978) 


Diverticula of the bladder in infants and children are 
mostly primary (congenital) rather than secondary to 
obstruction or neurogenic dysfunction (Boechat and 
Lebowitz, 1978). Although they are common only a 
few give rise to complications. One such complica- 
tion is acute retention of urine (Williams and 
Eckstein, 1968), but it is rarely seen and very few 
cases have been illustrated in the literature. A case is 
presented to demonstrate this complication. 





Fic. 1A. 
IVU. Normal kidneys and unobstructed ureters. Two 
" diverticula, one on each side of the bladder. 


Case HISTORY 

A boy aged 3 years and 10 months was transferred to 
Birmingham Children’s Hospital on April 13, 1977 for 
investigation and management of retention of urine. He had 
been admitted twice within six months to another hospital as 
an emergency with acute retention of urine and on both 
occasions he had catheter drainage of the bladder. On the 
first admission in November 1976 he was circumcized for a 
tight phimosis. 

His parents said that he had had difficulty in passing 
urine since birth, i.e. straining, poor stream and dribbling 
associated with urgency and frequency, but very little urine 





Fic. 1B. 


IVU. Oblique view showing right ureter with a simple 

ureterocele-like dilatation at the ureteric orifice which opens 

into a right sided diverticulum. Large posteriorly positioned 
left diverticulum. B= Bladder. D = Diverticulum. 
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passed on micturition. This had persisted following the cir- 
cumcision and urethral dilatation. In the past, according to 
the parents, he had had a few episodes of what one would 
describe clinically as sub-acute retention, but these did not 
require hospital admission as symptoms subsided overnight 
with bed rest and mild analgesics. 

Excretory urography (IVU) showed unobstructed kidneys 
and ureters. The right single ureter had a simple ureterocele- 
like dilatation at the ureteric orifice which opened into a right 
sided bladder diverticulum (Fig. 1A and B). There was also 
another bladder diverticulum on the left. 

Cystourethrography (CUG) confirmed the presence of 
postero-laterally situated and freely communicating diverti- 
cula, one on each side of the normal bladder. The left one 
had a larger capacity than the bladder. here was no 
vesico-ureteric reflux. On catheter withdrawal and initiation 
of micturition only a little contrast medium passed into the 
urethra, outlining normal anatomy (Fig. 2). Most of the 
contrast passed into the left diverticulum, causing its further 
distension and a descent downwards below the floor of the 
bladder, where it compressed the posterior urethra and 
produced a complete obstruction (Fig. 3). The patient was 
once again in acute retention for which he needed re- 
catheterization and drainage. 

On cystoscopy (Mr. P. Gornall) urethra and bladder neck 
appeared normal. At laparotomy, the bladder had a thick 
wall and the ureteric orifice lay in the floor of each diverti- 
culum. Bilateral diverticulectomy and re-implantation of the 
ureters were carried out. Follow up IVU and CUG examina- 
tions six months later showed satisfactory unobstructed 
appearances of the renal tract and a normal urethra. 





Fic. 2. 


CUG. Initial phase of micturition showing normal position 
and anatomy of the unobstructed urethra. 


DISCUSSION 

Acute retention of urine in infancy and childhood 
is commonly due to urethral lesions such as posterior 
urethral valves, urethral diverticulum or distended 
ectopic ureterocele. Chronic retention of urine is 
usually associated with a neurogenic bladder in 
children with neurological disorders such as spina 
bifida and myelomeningocoele. Bladder diverticulum 
is one of the less common causes of acute retention. 

In boys, spontaneous acute retention is more 
common than in adult life (Williams and Eckstein, 
1968). This is likely to be due to the anatomy of the 
male urethra at this age; the posterior urethra is 
surrounded by immature prostatic tissue which is 
more easily stretched, and the bladder tends to be 
more of an abdominal organ. According to Williams 
and Eckstein (1968) if a diverticulum is present in 
the lower part of the bladder, as was the case in this 
patient, and becomes trapped in the pelvis, the 





Fic. 3. 
CUG. Later stage of the examination. Distended left sided 


diverticulum has descended downwards displacing the 

bladder forwards and upwards and stretching the posterior 

urethra resulting in a complete obstruction. B= Bladder. 
R.D.=Right diverticulum. L.D.= Left diverticulum. 
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bladder is further displaced upwards and the urethra 
stretched and compressed. In this case the contrast 
medium was seen to pass more readily into the 
diverticula than down the urethra, and as the left 
diverticulum enlarged and descended downwards, 
the urethra was seen to be more compressed and 
stretched leading to a complete obstruction and 
acute retention. 

The history suggests that the patient had chronic 
retention. The intermittent acute episodes super- 
vened when micturition was withheld for a long time 


and the diverticulum allowed to distend and descend 
to such a critical level as to cause a complete 
urethral obstruction. 
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Book review 


Radiation Dose Limit for Embryo and Fetus in Occupationally 
Exposed Women NRCP Report No. 53, pp. 37,1977 (National 
Council on Radiation Protection and Measurements, Wash- 
ington) $3.50. 

‘This report, together with its full supporting appendices, 
provides information on which, to base a decision as to what 
dose to the fetus is acceptable for pregnant radiographers 

nand technicians who wish to continue working. It also 
reviews the relationship between the staff member and her 
employer regarding the notification of pregnancy and the 
oights of both the mother and. the fetus. The full review of 
present knowledge can also be applied to that other problem 
seldom: referred to, as to the action to be advised when a 
patient has had radiological examination during early and 
unsuspected pregnancy. 

‘The committee was appointed to review the basis for the 
existing NCRP recommendations that the maximum per- 
mussible dose equivalent to the embryo and fetus from 
eccupational exposure of the expectant mother during the 
entire gestation period should be 0-5 rem, and to review the 
recently published information pertinent to this and to 
decide whether recent information warranted any change in 
the numerical limit. 

In the event, the report confirms this level as being 
acceptable and states that there is no new evidence con- 
cerning teratogenic or carcinogenic effects of irradiation of 
the embryo-fetus that would justify a change in the limit in 
either direction. 

Meticulous readers of ICRP 26 (and previously ICRP 9) 
will observe that the statement from NCRP of the maximum 
permissible dose to the embryo-fetus is somewhat more 
strict than that allowed under the ICRP. In the latest 
document it is possible for an embryo to receive 5 mSv 
(O'S vem) during the first two months and the mother to 
receive not more than 9 m Sv during the remainder of the 
pregnancy. Hence by [CRP 26 the fetus is restricted to a 
dose of 14 mSv (1-4 rem). 


The bulk of the remainder of the publication under 
review consists of a historical background and an excellent 
report on the status of knowledge in 1976 on aspects of the 
deleterious effect of irradiation of the embryo and fetus in 
humans and animals. 

One of the problems in making accurate statements about 
probable risks is that when all the ‘ifs’? and “buts” have 
been spelt out in full the non-mathematically and non- 
radiobiologically minded are immediately placed at a disad- 
vantage. Perhaps the reviewer might this time be permitted 
to put his neck into the noose and suggest that, although the 
NCRP have quite correctly given all the facts in great detail, 
the picture for human data looks something like the following 
for risks to the fetus from radiation. This makes the assump- 
tion of course that the risk at the higher levels of dose may be 
extrapolated to doses of the order of one rad. 









Radiation Risks Risk per 1000 births 


from 10 mSv (1 rem) 












Childhood leukaemia or 
malignancy in first 10 years of 
life (UNSCEAR 1977) (from 


X-ray doses about 0-20 rad) 0-2-0-25 





Reduced head size using RBE 
of neutrons = 10 (from mixed 


y and neutrons 28-57 rem) 1:7-25 





Mental retardation using RBE of 
neutrons = 10 (from mixed y 


and neutrons 140-280 rem) 0:14-0:29 





R. E. ELLIS. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Carcinoma of cervix and HBO 


THe EDITOR—SIR, 

‘In a recent paper on hyperbaric oxygen and radiotherapy 
in advanced carcinoma of the cervix (Watson et al., 1978), it 
was concluded that *‘a valuable ineprovement in local tumour 
control and in survival has been achieved with hyperbaric 
oxygen” and also that “a real improvement in the thera- 
peutic ratio has been achieved ...’’, The use of the terms 
“valuable improvement” and “real improvement” suggests 
that when such patients are being treated by irradiation this 
should be associated with the use of hyperbaric oxygen. 
However, in the same issue of the journal it was also stated, 
with reference to radiotherapy in hyperbaric oxygen for 
cervical carcinoma, that “when considering the overall 
results . . . we cannot draw any simple conclusion” (Dische, 
1978). 

Although the results reported by Watson et al. (1978) for 
stage III show increased local tumour control (71% HBO: 
44%, air) and survival (37% HBO: 25% air) at five years, the 
results obtained for treatment in air were poor. This was, in 
part, due to the regimes of treatment in air from two of the 
participating centres which produced results unacceptable 
by modern standards with local control in only 18% and 0% 
and survival of 8°% and 0°% respectively (Tables VI and XH, 
Watson et al., 1978). 

The data of Kottmeir for 19107 stage III patients from 
118 institutions, treated between 1959 and 1963, show that 
31% survived for five years (Marcial, 1977). Two other un- 
randomized but more recent series of patients treated in air 
have shown 36% (Cade and McEwen, 1978) and 42% 
(Joslin, 1978) survival at five years. In a randomized series 
of predominantly stage III, but advanced, patients treated 
at Leeds either in air or hyperbaric oxygen, local control was 
achieved in 69% and survival was 40%, at five years and no 
advantage was found for treatment in hyperbaric oxygen 
(Ward and Dixon, 1979). 

It seems that the results reported by Watson et al. (1978) 
for radiotherapy with hyperbaric oxygen for advanced car- 
cinoma of the cervix were not better than those achievable 
by treatment in air either in this country or elsewhere 
(Glassburn et al., 1974; 1977; Fletcher et al., 1977; Bennett 
1978). ‘Taking generally available clinical data into 
account and also the reported increase of morbidity with 
hyperbaric oxygen (Fletcher et al., 1977; Dische, 1978; 
Watson et al., 1978), the time taken and the additional ex- 
pense involved for treatment, it is our opinion that the use 
of the terms “valuable” and “real? is unjustified with 
respect to cervical carcinoma and should more properly be 
used only when the treatment in question is evaluated 
against results which are acceptable by current radio- 
therapeutic standards. 

Yours, etc., 
A. J. Warp, 
B. Dixon. 


The Regional Radiotherapy Centre, 
Cookridge Hospital, 

Leeds LS16 6QB. 

(Received December 1978) 
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Therapeutic ratio and radiosensitizers 


THe Epiror—Sir, 

The recent results of the Medical Research Council Trials 
with hyperbaric oxygen (HBO) (Watson et al., 1978; Dische, 
1978) and the letter to the Editor (Hendry and Sutton, 
1978), refer to the increase in normal tissue damage induced 
by HBO and misonidazole. It is unscientific and misleading 
to reduce the dose of irradiation by any given percentage 
when using such modalities. 

The dose complication curve for normal tissue is sigmoid 
in shape. Thus the reported increase in severe complica- 
tions from 3.8% (6/159) to 12.5% (20/161) using HBO 
cannot be considered equivalent to a 3% increase in irradia- 
tion dose unless we know where these points are on the dose 
complication curve for each tissue at risk. For example if one 
were to use the data available on lung tolerance following a 
single dose of whole-lung irradiation (Fryer et al., 1978) 
such a change in incidence of complications would represent 
a dose enhancement factor (DEF) (defined as ratio of dose in 
air to dose in modified conditions to give an equivalent 
tissue effect) of 1.2 or a 20% difference in dose. The only 
safe way of calculating the DEF is to perform the type of 
studies described by Phillips and Fu (1978) in assessing the 
interaction of drugs and radiation in normal tissue. One can 
then determine whether there has been a true therapeutic 
gain, rather than merely an effective increase in radiation 
dose. 

The overall local recurrence rate in ITB and IH cancer of 
the cervix reported by Bush et al. (1978) was 31/135 which 
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is less than in the hyperbaric oxygen group in the MRC 
trial. This suggests that a similar result might have been 
achieved by increasing the dose of irradiation. The data 
supplied by Hendry and Sutton on DEF is mainly confined 
to skin, Similar data for lung and gastro-intestinal tract 
should be generated before meaningful trials on sensitizers 
can be developed to answer this important question. 
Yours, etc., 

C. J. H. FRYER. 
Cancer Control Agency of British Columbia, 
2656 Heather Street, 
Vancouver, 
British Columbia V5Z 33. 
i Received January 1979) 
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SUTHERLAND, 1., 1978. Hyperbaric oxygen and radio- 
therapy; a Medical Research Council trial in carcinoma of 
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(In reply} 
Hyperbaric oxygen 


Tre Enrror--Sir, 

I am grateful to The Editors of The British Journal of 
Radiology for allowing me to see the letters written by Ward 
and Dixon and by Fryer (1979) prior to publication. 

‘There is, in my view, no inconsistency between the report 
of a valuable or real improvement in the Medical Research 
Council trial in advanced carcinoma of cervix and the com- 
ment that we cannot draw any simple conclusion when all 
trials reporting treatment with hyperbaric oxygen and 
radiotherapy in carcinoma of the cervix are reviewed. 

Although the treatment in air at two of the participating 
centres gave poor results, three-quarters of the cases were 
contributed by the other centres (Glasgow and Mount 
Vernon) where 20 and 27 fractions were employed. Taking 
these two centres together the improvement in local tumour 
control in those treated in oxygen compared with those in air 
for stage [TI disease was significant at the 0.001 level (calcu- 
lation by Dr. lan Sutherland). 

A full examination of the data of Kottmeier will show that 
although 31° of all the 19107 stage IT patients survived for 
five years there was a wide variation in results from institu- 
tion to institution and from country to country. Even when 
comparing one series with another where the clinical stage 
and treatment are identical, wide variations in result are 
encountered, Many factors contribute to this including 
differences in the case material and differences in the appli- 
cation of criteria for staging. It serves no useful purpose to 

a make such comparisons and especially to make them with 


series including a small number of patients or a different 
distribution of cases as to stage of disease. 

The considerable benefit seen in the MRC study exists as 
a factual result. Watson et al. (1978), do not extrapolate the 
result beyond the context of the trial. It is unfortunately 
true that there is no such thing as a universally acceptable 
technique of radiotherapy for any site of tumour; however, 
that employed at Glasgow and Mount Vernon in the treat- 
ment of stage III carcinoma of cervix is not dissimilar from 
that used in many centres in the United Kingdom and I note 
that Ward and Dixon (1979) do not comment on this. 

I entirely agree with Fgyer (1979) as to the character of 
the dose-complication curve in normal tissues and that a 3% 
increment of radiation dose will result in a variable increase 
in morbidity according to the point at which we commence 
on the curve. There is, unfortunately, no way in which we 
can plot with precision the complication curve for human 
normal tissues. This is a difficult task to perform in labora- 
tory animals and poses enormous practical and also ethical 
problems in man. We have, unfortunately, to make less 
satisfactory calculations when dealing with human data but 
comparisons of increment of morbidity with increment of 
benefit have real significance. 

An increase in knowledge as to normal tissue effects and 
possible benefit with the use of sensitizing methods can only 
follow close collaboration in randomized controlled clinical 
trails. It is to be hoped that those who are critical of the 
results obtained in the MRC trials will be foremost among 
those taking part in new studies which will give even better 
data. 

Yours etc., 
S. Discue. 
Regional Radiotherapy Centre, 
Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN. 
(Received February 1979) 
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Background radiation and estimated risks from 
low-dose irradiation 


Tre Eprror-—Sir, 

In the analyses of cancer deaths among the Hanford 
workers by Mancuso et al. (1977) and Kneale et al. (1978) 
and in the various published discussions that have followed 
(Mole, 1978; Reissland and Dolphin, 1978; Kneale and 
Stewart, 1978; Sanders, 1978; Sagan, 1978; Reissland, 
1978; Anderson, 1978, to name only some) two points have 
received less attention than seems warranted and one has not 
been considered at all. The first two points concern: (1) the 
lifetime radiation dose delivered by all sources and (2) the 
relationship of background radiation to observed cancer 
incidence and the deduction of a doubling dose; the third 
point is the extreme sensitivity of the ‘‘comparative mean 
dose” method (CMD) of calculating a doubling dose to 
errors in the dose estimation. 

The mean life-time occupational doses received by the 
Hanford groups are small compared with those accumulated 
from natural radiation sources and possibly even from 
medical irradiation, By about the mean age of 60 years for 
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the Hanford cases, the nominal background dose would be 
6 rad. In the USA. average bone marrow doses have been 
shown to range from 4.0 to 6.6 rad, depending on location 
(NRCP, 1975), and for an individual living in Richland, 
Washington State (nearest city to Hanford), the mean 
marrow dose is 5.2-+1.7 rad by age 60 years, though many 
individuals will have spent considerable periods in other 
parts of the country. Medical irradiation for diagnostic pur- 
poses is also far from negligible. Shlein et al. (1978) esti- 
mated that diagnostic radiology in the USA in 1970 resulted 
in a mean annual bone marrow dose of 103mrad per adult; 
the comparable figure for 1964 was 83mrad. It is probable, 
therefore, that Hanford workers could have received some- 
thing like 10 rad to bone marrow by the age of 60 years, 
apart from doses received occupationally. 

In testing any correlation between radiation dose and 
cancer, account must be taken of all relevant irradiation. The 
doses received by the Hanford workers were accumulated 
slowly over part or all of a lifetime. Because of the question 
of the latent period of cancer development it is not possible 
to specify an exact period over which the doses from the 
three sources should be added, but a maximum effective 
dose can be obtained by adding all the doses accumulated by 
any given age. 

The second point refers to any method based on the con- 
cept of a dose that doubles the naturally observed rates of 
cancer as recorded in mortality statistics. Mancuso et al. 
(1977) state the linear response hypothesis in terms of a 
dose, D, that doubles the normal cancer death rate, A, 
assumed as ‘‘at zero dose”. This level is derived, however, 
from mortality statistics that inevitably include the effect of 
some background-plus-medical dose, Dn. We should 
therefore write: 


A=Ag+Axnn a.. QA) 


where Ao is the cancer risk attributable to causes such as 
heredity and all carcinogens except radiation and Ayx is the 
cancer risk that could be attributed to background and 
medical radiations. If the doubling dose, D, doubles the 
normal incidence, A, then a dose Dwr will produce a risk 
A. Dyr/D. Inserting this for Ang in equation (1), and re- 
arranging gives: 


Ao=A(I—-Dxre/D) . . . a (2) 


It fotlows that D cannot be less than Dyg without making 
Ao negative. In other words, if the calculated doubling dose 
is equal to the background dose, then the latter must account 
for the total observed cancer incidence, a suggestion that 
would be contested by many geneticists. The value of the 
doubling dose for bone-marrow cancers is given by Kneale 
et al. (1978) as 3.6 rad, hence, if this were correct, back- 
ground radiation alone should produce an incidence of these 
diseases twice as great as that actually observed. Kneale and 
Stewart (1978) have recognized this difficulty and suggest, 
wrongly in my view, that it points to inadequacies in the 
premises about the mode of action of radiation rather than to 
a fallaciously low doubling dose. 

My third point is that doubling doses calculated by the 
CMD method are very sensitive to errors in dosimetry. 
Mancuso et al. (1977) effectively calculate the doubling 
doses from the formula: 


D=(S—rR)r—R) . . . . 8) 


where r and R are the mean doses respectively for the sub- 
population of cancer deaths and for the whole population 
and S is the mean squared dose for the whole population. 
From this it is clear that D depends on the ratio of two 
differences, both of which may carry considerable errors 
because the average doses, or products of doses, are derived 
from distributions that are very wide and also very skew. It 
also seems likely, from data available on radiation protection 
(UNSCEAR Report, 1977), that mean doses derived from 
measurements accumulated over long periods must carry 


errors at least of the order of --10%,. Kneale et al. (1978) 
give the mean life-time occupational dose as 2.03 rad for all 
cancer deaths and 1.66 rad for the non-cancer deaths in the 
Hanford workers, while the value of S, the mean squared 
dose, is not stated, Hence in the denominator of equation (3) 
the difference in two mean doses that are as close as these 
must be subject to an error of the same order of magnitude 
as the difference itself and greater fractional errors may be 
expected in the numerator. Kneale et al. (1978) in fact give 
95°, confidence limits of 15.3 rad and 79.7 rad to the calcu- 
lated doubling dose of 33.7 rad for all cancers, though it is not 
stated whether these include estimated errors in dosimetry. 

Finally, any calculation of risk from low-dose occupa- 
tional exposure requires, in addition to the occupational 
doses, a knowledge of the background and medical radia- 
tion doses received by the populations compared. In the 
more familiar “‘standardized mortality ratio” method the 
background and medical doses for the control population 
must also be determined, for they may not be the same as 
those for the occupationally exposed group, and the result 
depends both on differences in mortality and in dose. In the 
CMD method the requirement of accuracy in the doses is 
still more stringent, because differences in the squares and 
products of doses are involved. It hardly seems feasible that 
the necessary doses, occupational, background and medical, 
could be assembled with sufficient accuracy to support a 
calculation of risk retrospectively. If it could be done con- 
vincingly in a prospective study, it would be an enormous 
but valuable project. 

Yours, etc., 
F. W. Sprers. 

Bone Dosimetry Research, 
Department of Medical Physics, 
Cookridge Hospital, 
Leeds LS16 6QB. 
(Received January 1979; revised February 1979). 
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The place of new contrast media in renal failure 


‘THe EDITOR—SIR, 

We accept Dr. Golman’s suggestion (1979) that our 
doubts about the value of dimers and non-ionic compounds 
as a means of improving the quality of the urogram in renal 
failure may be unnecessarily gloomy. 

The point we wished to make was that in the experi- 
mental model we used to simulate renal failure neither of the 
new contrast media produced dramatic changes in urine 
iodine concentration. However, we would agree that in diffi- 
cult clinical circumstances even a small increase in urine 
jodine concentration may be helpful. The question will only 
be resolved by a trial of the new agents in patients with renal 
failure. 

We certainly agree with Dr. Golman that the lower 
osmolality of metrizamide is likely to be helpful in minimiz- 
ing osmotic disequilibrium and reducing toxicity especially 
in patients with renal failure and in children, 

Yours, etc., 
Jupiry A. W. Wess, 
I. Kersey Fry, 
W. R. CATTELL. 
Diagnostic Radiology Department, 
St, Bartholomew's Hospital, 
West Smithfield, 
London ECTA 7BE. 
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Pharmacologically-controlled barium meal: a 
metoclopramide-glucagon sequential association 


Tur Eprror——Sir, 

Metoclopramide (Primperan, Plasil b.n.) is very ex- 
tersively used in this country in routine GI studies. The 
value of its speeding action is fully appreciated when modern 
fastworking radiological equipment is used. It saves time 
and unnecessary exposure. Glucagon is also by now an 
established drug, as an efficient and short-acting hypotonic 
agent, 

During the past three years I have often found administra- 
tion of the two drugs in sequence useful. This was done ina 
large number of routine studies and in 41 double-contrast 
studies, 

In accordance with its more peripheral action, glucagon 
promptly stops previously induced metoclopramide hyper- 
motility, producing full hypotonia and amotility, Perform- 
ing tubeless duadenography one can readily get duodenal 
filling by metoclopramide, then by rapid glucagon i.v. 
injection, virtually freeze contrast progression at a suitable 
level, with litte or no undesired opacification of the jejunum. 

When using TV equipment, injection can be conveniently 
remote-controlied through double-length i.v. drip tubing. 
Moreover, in gastric work, I have often felt that previous 
parenteral metoclopramide made the stomach drier and so 
fitter for double-contrast studies. 

Both drugs were used in the usual doses, i.e. 20 mg iv. 
metoclopramide, 0,5-1 mg i.v. glucagon. Latency and dura- 
tion of glucagon action were not noticeably modified. No un- 
toward effect was. observed. Patients have never reported the 
slight nausea sometimes associated with glucagon. 

Yours, etc., 
A. ALLUFI. 
Istitute di Radiologia Universita Cattolica, 
Rome, Italy, 
(Received December 1978) 
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SI units in radiotherapy 


Tue Eprror—Sir, 

I read with interest your continuing correspondence on 
the introduction of the gray and centigray into practical 
radiotherapy. I must, however, express concern at the 
comment made by Sandeman et al. (1979) when they write 
“Outputs of orthovoltage and superficial machines were 
given in terms of seconds per gray, as this retained reasonable 
sized numbers without going to submultiples and preserved 
the intentions of the SI system” (the italics are mine). 

I should hope that the $I system is based on more scien- 
tific grounds than “‘reasonable sized numbers”; indeed, 
most opposition to SI is the unreasonableness of the num- 
bers. But what are s Gy~!? Your correspondents vaguely 
refer to output, which most readers, I believe, would inter- 
pret as dose rate at a standard distance, which by definition 
is measured in units of dose per unit time. Perhaps they 
mean inverse ontput? 

The serious opponents to the gray are those worried by 
the ensuing confusion, but this surely is small in comparison 
to the use of inverse output. Let us preserve the intentions of 
SI and stick to physical concepts which are universally 
understood. 

Yours, etc., 
C. K, BOMFORD. 
Sub-Regional Medical Physics Department, 
Weston Park Hospital, 
Sheffield $10 25J. 
(Received February 1979) 
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X-ray vision 


THE Eptror—Sir, 

Recent correspondence initiated by Dr. Cochrane 
Shanks’ account of the sensation of light experienced dyring 
a CAT scan recalls an article on vision by X rays by R. R. 
Newell (1948). 

In 1953 I performed an experiment described in this 
article. Using a screening set operating at 3 mA and 80 kV 
and being well dark-adapted the sensation was of a very 
faint light of no definite colour, A metal pencil held in front 
of the eye produced, as expected, an image which was en- 
larged and inverted and moved in the opposite direction to 
the object. Some ten seconds sufficed and there is as yet no 
evidence of any harmful effect although I would not today 
repeat the experiment. 

The wavelengths of the radiation involved are so different 
from those of the normal visible spectrum that the question 
arises as to whether the effect is due not to direct stimulation 
of the retina by X rays but to fluorescence within the struc- 
ture of the eye. 

Yours, etc., 
A. BRYCE. 
X-ray Department, 
North Cambridgeshire Hospital, 
Wisbech, Cambs PE13 3AB. 
(Received February 1979) 
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Appeal 


Tue Epiror—Ssir, 

May I, through your correspondence columns, invite your 
readers to think for a moment of the information resources 
available to them? 

British doctors have access to postgraduate medical 
centres, medical school, professional society and Royal 
College libraries, most of which have a bookstock in excess 
of 30000 volumes. Here in Papua New Guinea (PNG), our 
10000 volume medical school library stands virtually alone 
serving not only the students bufalso the nation’s medical, 
dental, paramedical and research personnel over a remote 
and inaccessible area three times the size of England and 
Wales. Many health workers live in isolated communities 
whose only contact with the capital is the airstrip and the 
radio-telephone. PNG has many health problems and there 
is much research to be undertaken. There is also a need to 
develop primary health care and health education projects, 
and to improve facilities for specialist training. 


Book reviews 


Principles of Cardiovascular Nuclear Medicine. Edited by 
B. Leonard Holman, Edmund H, Sonnenblick and Michael 
Lesch. pp. vii+-246, illust. 1977 (Grune & Stratton, New 
York, San Francisco & London) $18.50/£12-00. 

The investigation of the cardiovascular system now 
occupies a large part of meetings devoted to nuclear medi- 
cine, and in this country an increasing amount of time is 
being spent in imaging the heart and investigating its 
performance by means of radionuclides. For anyone in- 
volved in this occupation this is the book—or the best 
available. Perhaps it is right to give it the title of “Principles” 
of Cardiovascular Nuclear Medicine since the practice 
changes with a rapidity which is liable to make any book out 
of date. All the chapters have previously appeared in print in 
“Progress in Cardiovascular Disease”. They are all authori- 
tative reviews by the leaders of this field of research and 
between them cover work up to 1976/77. This results in one 
very brief and incorrect mention of the use of krypton—81m 
(which is a pity), rather poorer pictures using thallium than 
one is now used to seeing displayed on view boxes and 
computers, and perhaps rather poorer tomographic images 
than are currently being produced. A chapter that is very 
worth keeping as a source of reference for anyone doing 
physiological work with tracers in the heart, is the one by 
James Basingthwaite who discusses the complex traps that 
lie in wait for the unwary enthusiast of “‘wash-out curves”. 

One aspect of contributions to nuclear medicine is the 
tendency for enthusiasm at the expense of scientific obser- 
vation, For the most part this charge cannot be applied to 
the present volume and, in my view, it creates a valuable 
source of basic knowledge which will be useful even when 
the present techniques have been superseded. 

J. P. LAVENDER, 


Famous in the medical world for rare diseases like kuru, 
PNG is not just a medical curiosity but a place where 
students, practitioners and researchers need a better infor- 
mation infrastructure. But our resources are too slender to 
be effective. We must improve our bookstock, extend the 
journals coverage and increase our audio-visual materials, 
On behalf of our present and future health care profession- 
als, we seek your readers’ assistance. Gifts of cash or kind 
suitable for medical and paramedical users would be very 
welcome. 

Yours, etc., 
A. C. BUTLER, 
University Library, 
University P.O. Box 4819, 
Port Moresby, 
Papua New Guinea. 
(Received January 1979). 


Tactics and Strategy in Cancer Treatment. Recent results in 
cancer research. (series 62). Edited by Georges Mathé, pp. 
xv-+219, illus. 1977 (Springer-Verlag, Berlin) DM.68.00/ 
$34.00. 

The best way to indicate the scope of this book is to quote 
from the preface. “Tactics is the art of combining the action 
of all military forces with a view to victory. This work, which 
publishes the communications at the annual general meet- 
ing of the EORTC held in Paris in June 1976, was devoted 
to tactics and to the therapeutic strategy with a view to the 
recovery of cancer patients.” 

Under the heading of “Tactics” there are papers on human 
and animal work under the familiar headings of surgery, 
chemotherapy, immunotherapy and an additional section 
on monitoring. This includes biochemical aids to cancer 
management, laboratory tests for early diagnosis and the 
monitoring of progress. 

The section on “General Strategy” opens with an intro- 
ductory paper indicating the need for a strategic plan of 
management for cancer patients, in view of the multiple 
disciplines involved. In this section there are important 
contributions on the leukaemias and allied conditions, as 
well as multiple papers dealing with solid tumours, Among 
the contributors are many well-known names who have be~ 
come leading authorities in their respective fields. The 
conclusions on the management strategy for various cancers 
are of considerable value to all clinicians engaged in on- 
cology. Each contribution is accompanied by a full list of ref- 
erences. 

This book provides an extremely useful summary of what 
is considered to be the present optimum treatment for many 
of the most common malignancies. 

Brenpan HALE 
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Abstracts of papers presented at the tenth annual meeting of the British Medical Ultrasound Society held at 
The Civic Centre, Newcastle upon Tyne, on November 27-28, 1978. 


The role of real-time scanning in obstetrics, by S, Campbell. 


Comparison between a real-time linear-array scanner and a compound scanner for gestational aging by means of BPD 


measurements, by M. J. Bennett. 


An anatomical biparietal diameter (The “‘sagittal’’ BPD), by G. B. Young, J. K. Williamsomand R. W. Rawlings. 

Ultrasonic visualization of fetal abnormalities, by D. Little, A. B. Roberts, A. Thoms and S. Campbell. 

Ultrasonic screening for intra-uterine growth retardation, by J. P. Neilson. 

A semi-automatic electronic planimeter for area and circumference measurement of ultrasound images, by. A. D. Christie 


and A, R. Rimmer. 


Calibration problems encountered in area and circumference es 


timation from ultrasound scans, by M. F. Docker, 


Clinieal experience of cardiac visualization using a rotating transducer real-time ultrasonic scanner, by R. E. Scorgie, 


A. L. Muir, C, R. Bow, W, N. McDicken and T. Anderson. 


Assessment of fetal and neonatal cardiac function by means of linear array multi-element and single beam transducers, by 


14W. Wladimiroff, R. Vosters and W. Vletter. 


‘The use of M-mode echocardiography to detect inco-ordinate left ventricular function, by R. Hall. 
Diagnostic use of Doppler ultrasound in cardiology, by D. S. Tunstall Pedoe. 
Doppler ultrasound in the evaluation of carotid artery stenosis—a comparative study, by M. Horrocks, V. C. Roberts and 


In T. Cotton, 


Doppler ultrasound in the detection of malignant tumours, by P. Atkinson, M. Halliwell, R. A, Mountford, A. J. Webb and 


P. N. T. Wells. 


Doppler imaging of arterial grafts, by D, Bird, A. E. B. Giddings, R. Skidmore, J. P. Woodcock and R. N, Baird. 


A Doppler vessel imaging syatem, by B. A. Coghlan. 
Developments in ultrasound equipment, by N. A. Slark. 


The development and application of contact scanning equipment for the ultrasonic examination of the globe and orbit, by 


G; V, Catford, H. W. Taylor and R. Targett. 


Orthographic transmission imaging—recent results with the SRI Ultrasonic Camera, by P. S. Green, W. F. Mullen, J. F. 


Holzemer, J. R. Suarez. 


An improved probe for therapy of Meniere’s disease, by T. A. Whittingham, M. J. Farmery and I. Frew. 


Ultrasonic dosimeter Mark 2, by J. Szilard, 


Post-mortem investigation of B scan appearances of malignant liver pathology, by J. A. King, D. O. Cosgrove, E. Heyder- 


man, C. R. Hill, S. Pussell and J. Sloane. 


Correlation of histopathological and ultrasound appearances of liver metastases, by A. E. A. Joseph, K. C. Dewbury, 


G. H. Millward-Sadler and C. W. Clarke. 


On-line digital analysis of clinical ultrasonic data, by R. A. Lerski, 
Statistical variations in echo amplitudes and their effect on interpretation of grey scale images, by D. C. Morrison, W, N, 


MeDicken, 8. R, Wild and W. A. Copland. 


Preliminary measurements of attenuation of ultrasound in placental tissue, by M. Kearle and M. F. Docker. 


The value of real time ultrasound in abdominal diagnosis, by H. B. Meire and Pat Farrant. 
"The significance of ultrasonic gallbladder wall thickening, by R. C. Sanders and E, Zerhouni. 


Grey-scale ultrasonography and endoscopic pancreatography in pancreatic diagnosis, by W. R. Lees. 


The ultrasonic demonstration of human follicular and cor 


ovarian development, by B.-J. Hackeloer. 


pus luteum development: a new method for observation of 


Carcinoma of the ovary—correlation of ultrasound and X-ray computed tomography with second look laparotomy, by 
S. J. Pussell, D. O. Cosgrove, E. Wiltshaw, J. Hinton, G. H, Barker and Janet E. Husband. 

Radial scans of the extrahepatic biliary system in obstructive jaundice, by J. G. Duncan. : 

A prospective study of thyroid ultrasonography, by W. R. Lees, L, R. Watson and R. €. G. Russell. 


THE ROLE OF REAL-TIME SCANNING IN OBSTETRICS 
By 5. Campbell 
King’s College Hospital, London 


Because of the rapid improvement in the quality of images 
from real-time scanners over the past two years, many of the 
abstetric investigations previously undertaken by static B- 
scanning can now be adequately covered and more rapidly 
performed by real-time scanning techniques. In addition, 
studies of fetal behaviour and activity can now be made 
which add a new parameter to the evaluation of fetal well- 
being. The potential role for real-time scanning and the type 
of real-time scanner most suited for the many different 
#evestigative techniques were discussed. 


COMPARISON BETWEEN A REAL-TIME LINEAR~ARRAY 
SCANNER AND A COMPOUND SCANNER FOR 
GESTATIONAL AGING BY MEANS OF BPD 
MEASUREMENTS 


By M. J. Bennett 


Queen Charlotte's Maternity Hospital, London 


A random sample of 350 ante-natal patients was scanned by 
separate individuals each using one of the machines. Each 
patient was examined on the same day and neither individual 
was aware of the others’ findings. The range of gestational 
ages was 14-40 weeks. 

The results showed that the real-time system was able to 
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obtain clinically useful readings in the majority of cases. The 
mean BPD reading obtained with this system was 0.29 mm 
more than that obtained with the compound scanner. It was 
found however that whereas 1% of fetal heads were in such a 
position that an acceptable BPD could not be obtained with 
the compound scanner, 14% of fetal heads could not be 
adequately measured with the linear array system. These 
failures not only occurred during the third trimester, and are 
a result of the transducer size, but are also an indication of 
how careful an operator has to be about what measurements 
to accept. 
e 


AN ANATOMICAL BIPARIETAL DIAMETER 
(THE “SAGITTAL” BPD) 


By G. B. Young, J. K. Williamson and R. W. Rawings 


Department of Radiodiagnosis, 
Simpson Memorial Maternity Pavilion and 
The Royal Infirmary, Edinburgh 


As observed by McDicken (1976), the biparietal measure- 
ment “started as a simple A-scan technique, then developed 
to use both A- and B-scan and will doubtless improve 
further, particularly as the ultrasonic images (of the contents 
of the fetal skull) become more detailed.” 

It has seemed to the authors for some time that these 
additional details are now available and that it is possible to 
construct a recognizable and consistent anatomical pattern 
of the brain at or near the maximum biparietal diameter. The 
anatomical BPD we have found most useful lies in a trans- 
verse plane and is arrow-shaped. The shaft of the arrow, 
however, lies also in the sagittal plane, and bearing in mind 
the derivation of sagittal (L. sagitta—an arrow), this biplane 
pattern may be aptly referred to as the “sagittal” biparietal 
diameter. 

The arrow points to the occiput of the fetal skull and it 
woyld seem that it is produced by the sloping walls of the 
cisterna vena magna or quadrageminal cistern, which lies at 
and just below the tentorium and possibly a portion of the 
posterior lateral walls of the right and left ambiens cisterns 
as they sweep round the brain stem. The midline itself from 
the arrow tip forwards consists of the meningeal coverings of 
the great vein of Galen, the midline structures in the region 
of the pineal gland, the third ventricle, the septum lucidum 
between the foramina of Munro, and the falx, in that order. 

There are four additional pieces of evidence to support 
this anatomical localization of the arrowed midline pattern. 
The pattern is shown in illustrations in a paper by Kossoff et 
al, (1974). On CAT scans the pattern is admirably depicted 
when the sections are taken at 20 deg to the anthropological 
base line. At the more conventional 30 deg angle, the arrow 
point is blunted and its curved edge represents the free edge 
of the tentorium itself, Third, we have observed on the 
A-scan in sectional scanners, and also clearly on real-time 
machines, two pairs of strong arterial pulsations lateral to the 
tips of the barbs of the arrow. The most medial pair are 
usually stronger and presumably represent pulsations in the 
right and left posterior cerebral arteries. The more peri- 
pheral pulsations are thought to be formed by the vessels of 
the choroid plexus as they sweep downwards and forwards 
along the floor of the temporal horns of the lateral ventricles. 
Fourthly, the anatomy can be demonstrated in layers sterio- 
scopically on the Sonicaid multiplanar scanner. 

Measurements of the biparietal diameter using both the 
conventional method first described by Campbell (1968) and 
the “sagittal? BPD are currently being recorded and 


analysis of the first sixty measurements shows agreement 

between the two methods to within 0.25 mm with an 

average difference of 0.08 mm, 

The ‘sagittal’ BPD or arrowed midline is presented as a 
practical alternative to the conventional biparietal diameter. 
As it is a standard and recognizable pattern it is consistent 
when repeated, and therefore ideal for sequential measure- 
ments required for assessment of fetal growth. In fetal age 
estimation, it would seem so near the established norm that 
it is also of practical value. 

In BPD estimations by real-time the observation of the 
arrow and the arterial pulsations greatly assist location of the 
correct lateral angle and the measurement of a technically 
competent BPD. In addition, when the “‘sagittal’’ BPD is 
used, the fetal lie is clearly established as there can be no 
doubt as to the position of the fetal occiput. The heart beat is 
identified without searching for it in the fetal chest, and 
finally any degree of hydrocephalous is automatically 
identified or excluded. 

viewers 
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ULTRASONIC VISUALIZATION OF FETAL 
ABNORMALITIES 


By D. Little, A. B. Roberts, A. Thoms and 
S. Campbell 


King's College Hospital, London 


In women with raised amniotic fluid or maternal serum 
alphafeto-protein levels (AF-AFP & MS-AFP respectively) 
ultrasound examination confirms the presence of a lesion in 
over 90% of cases. 

Several sacral spina bifidas and a small occipital myelocele 
have been missed. Fetuses with omphaloceles have a high 
incidence of serious associated anomalies. However, the 
parents of a fetus with a minor abdominal wall defect may 
wish to continue the pregnancy. 

Ultrasound contributes to the management of difficult 
cases, f.e. those with (i) borderline AF-AFP levels (three to 
seven standard deviations above the mean); (ii) when amnio» 
centesis is declined due to fear of an abortion; (iii) amnio- 
centesis sample contaminated with fetal blood and (iv) late 
presentation (after 20 weeks gestational age). 

We have now seen five cases with borderline AF-AFP 
levels in which ultrasound correctly predicted a normal 
fetus. One patient underwent a termination in another unit 
on the basis of the AF-AFP alone. In a further case an 
omphalocele was missed, but this was before a detailed 
examination of the umbilical cord insertion was performed 
routinely in such cases. Analysis of the number and morpho- 
logy of rapidly adhering cells in the amniotic fluid and 
real-time ultrasound guided fetoscopy has been helpful in 
these pregnancies. 

A number of other abnormalities have been recognized 
before 24 weeks gestational age, i.e. in time for termination 
of pregnancy to be offered. In the majority of these patients 
AF-AFP was normal. 


*. 
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ULTRASONIC SCREENING FOR INTRA-UTERINE 
GROWTH RETARDATION 


By J. P. Neilson 
Queen Mother's Hospital, Glasgow 


‘The ante-natal clinical detection rate of the “small for dates” 
fetus is reported as less than 40%. As a group, these fetuses 
have a higher incidence of perinatal mortality and morbidity, 
and, in the long term, a higher incidence of neurological and 
intellectual impairment, when compared with infants of a 
birth weight appropriate for gestational age. Therefore, the 
ante-natal detection of the ‘‘small for dates” fetus is desirable 
to permit careful monitoring and delivery at the optimal 
time, under the optimal circumstances. Preliminary findings 
are presented of the efficacy of screening the pregnant 
population, at between 34 and 36 weeks of gestation, 
utilizing seven ultrasonically-measured fetal parameters, to 
detect those fetuses whose birth weight will be below the 
fifth centile for the population. The fetal parameters 
measured were crown-rump length, biparietal diameter, 
head area, head circumference, trunk area, trunk circum- 
ference and transverse trunk diameter. 


A SEMI-AUTOMATIC ELECTRONIC PLANIMETER FOR 
AREA AND CIRCUMFERENCE MEASUREMENT OF 
ULTRASOUND IMAGES 


By A. D. Christie and A. R. Rimmer 
Ninewells Hospital, Dundee 


Recent developments in fetal growth monitoring have ex- 
tended to area and/or circumference measurements of fetal 
head and trunk sections in addition to the simpler measure- 
ment of the biparietal diameter which is now known to be of 
limited value on its own, Most circumferences and areas are 
measured from a photographic recording of the relevant 
areas by means of a manually manipulated map measurer or 
planimeter. We have devised a new means of obtaining the 
results required using the parameters and caliper system 
already available in most B-scanning systems. Our system 
bas been fitted to the Nuclear Enterprises ‘ Diasonograph” 
41028. 

‘The basic principle of the instrument uses the electronic 
caliper to make a series of measurement of the “radii” of the 
image to be examined at regular increments. The calculation 
ef the area then reduces to finding the average of the “radii” 
squared, and multiplying by a constant. 

Modern pocket calculators are very inexpensive and 
versatile. We use two of these to perform the two functions 
required. For measurements of area we use the following 
programme: enter radius, -—~square--memory plus— 
memory recall. 

For circumference we use: enter radius—memory plus— 
memory recall, At the end of the final sequence the operator 
keys into each calculator the appropriate multiplier and 
receives the answer. 

In order to maintain accuracy and to interfere with the 
existing apparatus as little as possible, the sine/cosine 
potentiometer and the X and Y positional potentiometers 
are switched out, and an identical duplicate set switched in. 
‘The new X and Y potentiometers are used to position the 
acanning beam relative to the area to be measured which has 
been stored on the storage oscilliscope display. The new 
sine/cosine potentiometer is driven through 360 deg by an 

* 


electric motor with positional pulses generated every 7.5deg. 
The motor always starts in the same position and can be 
stopped at any point. With the proximal caliper spot 
situated as near to the centre of the area as possible, the 
distal caliper spot is steered by the operator, around the 
periphery of the area, using the distal caliper control. The 
speed of rotation is 60 sec for one revolution, assuming no 
stopping. The readings are fed to the calculators automatic- 
ally every 7.5 deg of rotation. The calculators are relatively 
slow and for the worst case take just less than 0.9 sec for one 
program. We therefore have a compromise involving 
accuracy of measuremente speed of measurement and 
calculator speed. 
Examples were given of clinical applications. 


CALIBRATION PROBLEMS ENCOUNTERED IN AREA AND 
CIRCUMFERENCE ESTIMATIONS FROM ULTRASOUND 
SCANS 


By. M. F. Docker 
Birmingham Maternity Hospital 


Measurement of biparietal diameter of the fetus is essentially 
a measurement of transit time of an ultrasonic pulse, and 
equipment can readily be calibrated for this parameter. 
Circumference and area measurement call for a greater 
degree of display calibration, especially in the case of real 
time systems. This paper attempted to point out some of the 
pitfalls to be encountered, 


CLINICAL EXPERIENCE OF CARDIAC VISUALIZATION 
USING A ROTATING TRANSDUCER REAL-TIME 
ULTRASONIC SCANNER 


By R. E. Scorgie, A. L. Muir, C. R. Bow, 
W. N. McDicken and T. Anderson 


Royal Infirmary, Edinburgh 


We have previously described a mechanical real-time ultra- 
sonic sector scanner which is based on a rotating transducer 
principle (Bow et al., 1979). We have now used this device to 
examine 50 patients suffering from a wide variety of cardio- 
respiratory diseases. Using a left parasternal approach, 
cardiac-visualization was good in most patients, but in some 
a subxiphoid approach gave the best results. Mitral and 
aortic valves and the left ventricle were nearly always well 
seen and regional wall movement could be assessed. 
Segmental abnormalities of left ventricular wall motion 
corresponded well with abnormalities demonstrated by 
isotope angiography. The device gives good cardiac visualiza- 
tion and its small transducer head size readily allows 
subxiphoid examination. 


REFERENCE 
Bow, C. R., McDicxen, W. N., ANDERSON, T., SCORGIE, 
R. E., and Mum, A. L., 1979. A rotating transducer real- 
time scanner for ultrasonic examination of the heart and 
abdomen. British Journal of Radiology, 52, 29-33. 
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ASSESSMENT OF FETAL AND NEONATAL CARDIAC 
FUNCTION BY MEANS OF LINEAR ARRAY 
MULTI-ELEMENT AND SINGLE BEAM TRANSDUCERS 


By J. W. Wladimiroff, R. Vosters and W. Vletter 
Erasmus University, Rotterdam, The Netherlands 


Serial ultrasonic studies of fetal and neonatal cardiac 
function were performed in 11 patients between 36 and 42 
weeks of gestation. e 

Fetal scan. First, the position of the AP diameter of the fetal 
chest at the level of the heart was identified on a cross- 
section, using two-dimensional real-time ultrasound. The 
next step was the positioning of a single beam transducer at 
an angle of 45 deg to the AP chest diameter, in order to 
produce an echocardiogram (T-M mode} of the left ventricle 
(LV) right ventricle (RV) and interventricular septum (IVS). 
Simultaneous fetal ECG’s were made using scalp clip- 
electrodes. 

Neonatal Scan. Here, the first step in identifying the 
position of the AP diameter was omitted. The remainder of 
the procedure was as described in the fetal scan. Simul- 
taneous neonatal ECG’s were made. 

In each patient an echocardiogram and electrocardiogram 
was made of the fetus during the first stage of labour, and of 
the neonate within 10 minutes, 4 hours, 1 day and 2 days 
following delivery. In the 11 fetuses, RV (end-diastolic) 
diameter varied from 13.8-19.6 mm. LV (end-diastolic) 
diameter varied from 13.7—18.8 mm. Left to right ventricle 
ratio varied from 0.92--1.05. Right ventricular ejection time 
ranged from 172 to 202 msec; left ventricular ejection time 
ranged from 174 to 201 msec. Fetal heart varied from 125 to 
150 b.p.m. 

The pattern of fetal interventricular septal movement 
varied substantially amongst the patients studied. Patterns 
from normal to paradoxical were observed. 

Immediately after delivery, an increase in ventricular 
left-to-right ratio was observed. This increase varied from 
62.5-112%. The left and right ventricular ejection times 
varied from 170-220 msec. Patterns of interventricular 
septal movement in the neonatal period were normal. 
Finally, computer analysed data of fetal and neonatal 
tracings were given of change in LV and RV dimension 
during several consecutive heart beats, i.e. values of mean 
peak positive and peak negative velocity. Fractional shorten- 
ing (FS) of LV and RV dimension, że. the total shortening 
of the echographic LV or RV dimension expressed as a 
proportion of the end-diastolic dimension or percentage 
change in dimension during systole. FS (&)=(DD-—SD)/ 
DD «100. DD and SD are end-diastolic and end-systolic 
LV or RV dimensions. 


THE USE OF M-MODE ECHOCARDIOGRAPHY TO DETECT 
INCO-ORDINATE LEFT VENTRICULAR FUNCTION 


By R. Hall 
Royal Victoria Infirmary, Newcastle upon Tyne 


In the past M-mode echocardiography was thought to be 
unsuitable for the assessment of left ventricular function in 
ischaemic heart disease since the echo beam examined only a 
small area of the left ventricle and, characteristically, 
ventricular damage is patchy in ischaemic heart disease. 
Recently the use of simultaneously recorded apex and echo- 
cardiograms has allowed an accurate assessment to be made 
of this inco-ordinate left ventricular function in ischaemic 
heart disease. 


DIAGNOSTIC USE OF DOPPLER ULTRASOUND IN 
CARDIOLOGY 


By D. S. Tunstall Pedoe 


St. Bartholomew's Hospital, London 


Blood flow velocity and direction within the heart and great 
vessels demonstrated by transcutaneous Doppler ultrasound 
can give useful indications of disordered haemodynamics 
and is complementary to the anatomical information given 
by echocardiography in the diagnosis of heart disease. 

Measurements have been made with a Sonicaid BV 380 
8 MHz continuous wave Doppler instrument from the 
subclavian arteries and internal jugular vein, and with a 
SINTEF-PEDOF 2 MHz range gated and continuous wave 
Doppler instrument for intrathoracic blood velocities, 

Cardiac valvular stenoses have been demonstrated by 
locating the jet and measuring the abnormally high trans- 
valvular blood velocity or by demonstrating turbulent 
vortices convected downstream from the jet. : 

Cardiac valvular regurgitation can be demonstrated by 
showing inappropriate reversal of flow. For example in 
mitral regurgitation a systolic jet >4 metres/sec can be 
shown passing from the left ventricle to the left atrium. This 
jet can be tracked with range-gated Doppler but to measure 
its velocity continuous wave Doppler with either a very 
sensitive maximum frequency estimator or sound spectro- 
graph has to be used. 

Directional spectrographs are of particular value. In 
mixed mitral valve disease, with the Doppler probe aligned 
with the mitral valve, a systolic high velocity jet going away 
from the probe back into the left atrium and indicating 
mitral regurgitation, is followed by a diastolic jet coming 
towards the probe, the maximum velocity of which is a 
direct indication of the pressure drop across the mitral valve 
and thus of the severity of the mitral stenosis. 

The effects of dysrhythmias, drugs and exercise can be 
demonstrated by this non-invasive technique. 

This work is supported by the British Heart Foundation, 


DOPPLER ULTRASOUND IN THE EVALUATION OF CAROTID 
ARTERY STENOSIS-~A COMPARATIVE STUDY 


By M. Horrocks, V. C. Roberts and L. T. Cotton 
King’s College Hospital, London 


A prospective study has been undertaken on 22 patients 
with varying degrees of carotid artery stenosis, to establish 
the relationship between the degree of internal carotid 
artery stenosis as estimated by arteriography, and three non- 
invasive techniques, all using continuous wave Doppler 
velocimetry. 

The first technique is measurement of the pulse wave 
transit time in the internal carotid artery, and normalizing 
this by dividing it by the shortest of either the frontal or 
brachial transit times to produce a transit time ratio. This 
technique was able to differentiate between 0-20%% stenosis, 
21-50% stenosis and > 50% stenosis (p= 0.001). 

The second technique involved taking sonograms of the 
common carotid and supra-orbital arteries, and comparing 
the height of the first peak (A) to the second peak (B)} to 
produce a ratio—the A/B ratio. On comparing the three 
groups of carotid stenosis, we were unable to find any 


statistical difference. : 


515 


VoL. 52, No. 618 


Proceedings of the British Medical Ultrasound Society 


The third technique is the temporal artery occlusion test 
({TAOT) which we found to be unreliable in diagnosing 
carotid artery stenosis of > 50%. 

In conclusion the transit time ratio was the most useful 
investigation and the accuracy was not increased by adding 
the other two techniques, 


DOPPLER ULTRASOUND IN THE DETECTION OF 
MALIGNANT TUMOURS 


By P. Atkinson, M. Halliwell, R. A. Mountford, 
A. J. Webb and P. N. T. Wells 


Bristol General Hospital 


‘A commercially available 10 MHz Doppler flowmeter has 
been used to examine malignant tumours lying in the super- 
ficial soft tissues. These include breast carcinomas and 
lymph nodes involved with chronic lymphatic leukaemia, 
lymphoma and metastatic carcinoma. Doppler signals have 
beer detected arising from these tissues presumably related 
to their increased vascular supply. Arterial and venous 
signals have been detected, thought to represent new supply 
vessels, In addition a minority of neoplasms give rise to a 
“characteristic’’ signal, possibly due to arterio-venous 
shunting. 

This paper presented the results of Doppler studies on 
200 patients presenting with lumps in the breast, and on 50 
patients with various types of malignant lymphadenopathy. 
The way in which the Doppler signals seem to change in 
response to radiotherapy or combination chemotherapy was 
also discussed. 


DOPPLER IMAGING OF ARTERIAL GRAFTS 


By D. Bird, A. E. B. Giddings, R. Skidmore, 
J. P. Woodcock and R. N. Baird 


Bristol Reyal Infirmary 


Successful limb salvage can be achieved by dacron grafts 
inserted distal to the inguinal ligament, but the long term 
patency rates are not good. The factors which lead to graft 
occlusion are poorly understood but stenosis due to layering 
of fibrin and fibrous connective tissue on the internal surface 
of the graft has been recognized as an important contribu- 
tory factor, and early detection and correction of stenosis in 
arterial grafts can prevent graft failure. This study was 
performed to evaluate a new non-invasive vessel imaging 
technique and its application to the study of arterial grafts. 

A 45 MHz multichannel pulsed Doppler artery and vein 
imaging system (MAVIS, GEC Medical) was used to per- 
form 128 scans in 60 limbs following surgery for arterial 
disease of the leg. 25 long dacron grafts (18 iliopopliteal; 
7 axillofemoral) and 14 short proximally inserted dacron 
grafts (10) aortoferoral; 4 iliofemoral) were studied. Trans- 
verse sections and lateral scans were performed at each site. 

Comparability of transverse and lateral scans was good, 24 










paired scans giving virtually identical internal diameters 
(ID 8.46-0.36 mm; 86740.36 mm; mean 5EM, 
difference NS). 


Eighteen ihopopliteal grafts (10 mm ID) scanned at three 
gites (inguinal, midthigh, popliteal) showed no decrease in 


internal diameter from the inguinal site to midthigh 
was a significant decrease in graft lumen from midthigh to 
popliteal level (7.84 +0.36 mm to 6.31 +0.44 mm; P<0.01). 

There was no evidence of distal graft stenosis in the 14 
shorter grafts studied (mean ID 10.24+-0.50 mm) but 
marked enlargement was detected at three femoral anasto- 
moses suggesting aneurysmal dilatation. 

In three grafts localized stenoses were detected, including 
stenosis of the suprapubic limb of one axillobifemoral graft 
which was subsequently confirmed at autopsy. Narrowing of 
the distal segments of two agillofemoral grafts was also noted. 

These results show that this imaging technique gives 
reproducible results and can detect changes in graft lumen. 
Narrowing of the lumen distally in iliopopliteal dacron 
grafts has been shown, and it is suggested that failure of 
these long grafts may be due to distal graft stenosis which 
was not detected in shorter grafts. 


A DOPPLER VESSEL IMAGING SYSTEM 


By B. A. Coghlan 
Guy’s Hospital Medical School, London 


Continuous-wave Doppler flowmeters are now used to pro- 
duce two dimensional vessel images. We have constructed a 
scanner incorporating audio spectral analysis, raster-scan 
display and data storage under micro-processor control. 
Software allows the use of a high level language (BASIC). 

This has made possible the production of vessel images 
using various criteria to study ways of improving image 
quality. It has also been possible to post-process the images 
obtained to enhance quality. 

The system was outlined, and the various techniques of 
image processing described and results shown. 


DEVELOPMENTS IN ULTRASOUND EQUIPMENT 
By N. A. Slark 


Department of Health and Social Security, 
14 Russell Square, London 


In recent years the annual meeting of the American Institute 
for Ultrasound in Medicine (AIUM) has offered a regular 
opportunity to assess the current state of development of 
ultrasound diagnostic instrumentation, based on both the 
large and comprehensive technical exhibition and also on the 
papers presented. 

This paper attempted to present a current assessment of 
trends in instrumentation, based on the 1978 ATUM meeting 
held in San Diego in October 1978, In addition some parti- 
cularly novel or especially important B-scan instruments 
were discussed in more detail and brief references were 
made to other areas of interest to users of ultrasound, e.g. 
tissue characterization. 

PLEASE NOTE: As in previous years the Scientific and 
Technical Branch of DHSS will publish a report covering 
the AIUM meeting from the equipment point of view. 
Copies of the report on the San Diego meeting may be obtain- 
ed, free of charge, by writing to Mrs. A. Noble, Room 423, 
14 Russell Square, London WC1B 5EP. 
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THE DEVELOPMENT AND APPLICATION OF CONTACT 
SCANNING EQUIPMENT FOR THE ULTRASONIC 
EXAMINATION OF THE GLOBE AND ORBIT 


By G. V. Catford, H. W. Taylor and R. Targett 
St. George’s Hospital, London 


The paper described two equipments which have been 
developed for the ultrasonic examination of the globe and 
orbit. . 

The first provides an automatic sector scan from the 
required test point on the lid. The second is manually 
operated and provides a compound scan around the required 
arc on the lid. Both equipments are mounted on a low 
pressure air bearing plate which enables the clinician to 
position the transducer easily and precisely on the patient’s 
lid. These equipments have proved very acceptable to the 
patients in routine use. 

The paper discussed briefly the advantages and dis- 
advantages of contact scanning via the lid. It gave examples 
of the results obtained and discussed their clinical interpreta- 
tion, 

This programme of work was supported by the DHSS 
and Messrs. Nuclear Enterprises. 


ORTHOGRAPHIC TRANSMISSION IMAGING 
RECENT RESULTS WITH THE SRI ULTRASONIC CAMERA 


By P. S. Green, W. F. Mullen, J. F. Holzemer 
and J. R. Suarez 


SRI International, Menlo Park, California, USA 


The attractiveness of real-time orthographic, transmission 
imaging lies, in part, in its image presentation, which is 
similar to that of fluoroscopy. For some applications this 
perspective view is more readily interpreted than the cross- 
sectional B-scan. 

To realize the potential of orthographic imaging, SRI 
International has developed, and continues to improve, its 
ultrasonic camera. The camera incorporates two ultrasonic 
lenses which form a focused image field, two counter- 
rotating prisms to scan the image field past a linear array 
composed of 192 receiving elements and the necessary 
electronics to produce a television image. A digital scan 
converter was developed recently and installed in the system. 

Also recently developed is a diffuse insonification system 
that eliminates diffraction artifacts, producing images that 
more faithfully depict the attenuation differences in tissue. 
The images now appear more like those obtained by radio- 
graphic techniques. 

A variety of clinical applications for orthographic trans- 
mission imaging is now emerging. In orthopaedics, visualiza- 
tion in real-time of the extremities, the shoulder and the hip 
demonstrates dynamically the interaction of muscle, carti- 
lage, bone, tendon and joints. Application to the newborn 
could permit rapid and accurate determination of congenital 
hip displacement. The superficial blood vessels in the 
extremities are often displayed with striking clarity. 

In the abdomen, the kidneys, liver and other organs can 
be visualized; respiratory motion aids in their identification 
and delineation. The narrow depth-of-focus minimizes the 
effects of out-of-focus tissues in those of interest. For 
example, the viewer may first focus on the rib cage, observe 
its bony and cartilaginous portions as well as the associated 
musculature, then focus on deeper organs without inter- 
ference from the out-of-focus ribs. Much of the gastro- 


intestinal tract is usually visualized, especially those portions 
that are gas filled. Haustral patterns in the colon are well 
delineated and peristalsis in the small intestine may be 
observed, Other applications including visualization of the 
breast have also been explored with encouraging results. 

A film was presented that illustrated the operating 
principles of the camera and included images demonstrating 
the uses described above. 

This research was supported by Grant GM-18780 from 
the National Institutes of General Medical Sciences. 


AN IMPROVED PROBE FOR THERAPY OF 
MENIERE’S DISEASE 


By T. A. Whittingham, M. J. Farmery and I. Frew 
Newcastle General Hospital, Newcastle upon Tyne 


Treatment of Meniere’s disease by ultrasonic irradiation of 
the semi-circular canal has been performed on approxi- 
mately ten patients per year for the last 15 years at Newcastle 
General Hospital. Until recently commercial apparatus, 
manufactured by Elliot, has been used. 

This presentation described the design of a new “slim- 
line” probe for use with this apparatus. The important 
features of the new design are: (i) a nozzle diameter of 3 mm, 
compared with 6 mm in the original; (ii) a temperature sensor 
built into the probe itself. 

Benefits arising from the new design are as follows: 

1. A smaller mastoid cavity is now required with sub- 
sequent alleviation of patient trauma and operating time. 

2. The surgeon’s view of the probe tip is improved. 

3. The temperature at the probe tip is reliably and 
repeatably monitored. 


ULTRASONIC DOSIMETER MARK IT 
J. Szilard 
Loughborough University of Technology 


When treating a patient with ultrasound it is important to 
ensure that he receives the actual dosage prescribed by the 
doctor. However, coupling between applicator and patient 
may vary. Also diagnostic devices must not exceed a safe 
dosage. 

A simple method has been devised to solve the above 
problem by introducing an ultrasonic power measuring 
bridge between the applicator head and the patient, 

A thermocouple or a thermistor surrounded by an 
absorbant bead of plastic or wax ete. will show, when 
irradiated, a temperature rise due to the energy directly 
absorbed by the bead and due to the friction induced by the 
ultrasound between the bead and thermocouple or thermis- 
tor. This is a well-known method for measuring intensity 
omnidirectionally. 

Two sets of thermistor beads embedded in a plate, 
shielded on one side by a tiny blob of porous material, are 
fed from a constant current source. By taking the difference 
of the voltage drop across them the ultrasonic power passing 
through the plate may be measured. 

As opposed to the first model (Szilard, 1974) this plate is 
made of a Jow absorption silicon rubber, again with ten 
measuring points distributed as before and the thermistors 
are now embedded in a different, highly absorbant, silicon 
rubber. The improvement lies in using matched silicon 
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rubbers instead of polystyrene and paraffin wax, giving 
shorter acoustic wavelengths and no refraction, and the 
electrical circuit is also improved. 


REFERENCE 
Sanar, J., 1974. A New Device for Monitoring Ultrasound 
Dosage, Proc. 8th International Congress on Acoustics, 
London (Institute of Physics), p. 352. 


POST-MORTEM INVESTIGATION OF B SCAN 
APPEARANCES OF MALIGNANT LIVER PATHOLOGY 


By J. A. King, D. O. Cosgrove, E. Heyderman*, 
C. R. Hill, S. Pussell and J. Sloane 


institute of Cancer Research, 
Royal Marsden Hospital, Sutton, Surrey 


Simple B scans were made of specimens of human liver at 
post-mortem and were reported blind, by experienced 
diagnosticians, in respect of the presence and location of 
metastases. The specimens were then sliced in the scan 
planes, comparison made with the B-scan, and histology 
carried out. OF 39 slices covered by the study, 25 were found 
{retrospectively) to contain metastases and 88% of these 
were correctly reported from the B scans as being involved, 
although less than 13% of the individual lesions were 
correctly identified. Of the remaining 14 sections that did 
not contain metastases, five (36%) were wrongly reported as 
positive for involvement. 

Histologically, lesions containing large continuous masses 
of collagen appeared echogenic on ultrasound scans. Some 
of these showed large central collagenous masses surrounded 
by peripheral viable tumour; these appeared as “target 
lesions™ on ultrasound scans with their characteristic echo- 
genic centre and relatively anechoic surround. This “target” 
effect was seen in lesions surrounded by compressed liver 
tells with sinusoidal dilatation, which corresponded to the 
outermost anechoic zones of these lesions, Viable tumours, 
sometimes containing extensive necrosis but without 
fibrosis, appeared relatively anechoic on ultrasound scans. 











Laboratories, Sutton, Surrey. 


CORRELATION OF HISTOPATHOLOGICAL AND 
ULTRASOUND APPEARANCES OF LIVER METASTASES 


By A. E. A. Joseph, K. C. Dewbury, 
G. H. Millward-Sadler and C. W. Clarke 


_ Southampton General Hospital 
Tremona Road, Shirley, Southampton 


Twenty-two livers were obtained at post mortem from 
autopsies on patients with known primary carcinoma or with 
secondary deposits noted macroscopically without a past 
history of carcinoma. Primaries were from nine different 
sites. 

The livers were perfused with normal saline followed by 
10% formol saline. Saggital ultrasound scans were done in a 
water bath at } cm intervals and the livers sectioned along 
the planes of the scans, Photographs were obtained of the 
macroscopic slices. The number of metastases ranged from 
2-30 in each liver. Macroscopic features of metastases were 
noted and recorded, 


The presence of metastatic deposits was detected by 
ultrasound in 12 cases. There were no false positives and in 
the one false negative there was diffuse liver involvement 
with no nodules of over 1 cm in diameter. 

Deposits were classified on the basis of ultrasound 
appearances into non-reflective, reflective and mixed de- 
posits. Target metastases were specifically identified, 
Sections were obtained for histology from four sites at the 
peripheries and one from one site in the centre of each 
deposit. Two hundred and twenty sections were obtained. 
Sections were also obtained from the non-reflective regions 
of the target metastases.  @ 

Analysis showed that the degree of necrosis correlated 
best with the patterns of reflection observed. Reflective 
lesions showed 25% necrosis, non-reflective lesions 75% 
necrosis, and the mixed lesions 50% necrosis. In all cases the 
non-reflective halo of target metastases showed histological 
evidence of marked sinusoidal ectasia. This is at variance 
with other reports where sinusoidal ectasia had not been 
identified in target metastases. Acinar formation, mucin 
production and the amount of fibrous tissue probably 
influence the appearance of metastatic deposits, This is 
currently being evaluated. No attempt was made to correlate 
primary sites with reflective patterns due to the small 
numbers of each type of primary. 


ON-LINE DIGITAL ANALYSIS OF CLINICAL 
ULTRASONIC DATA 


By R. A. Lerski 


Department of Radiodiagnosis 
Western Infirmary, Glasgow and 
Departmen tof Climcal Physics and Bioengineering 
West of Scotland Health Boards, Glasgow 


A minicomputer-based signal processing system has been 
assembled for the on-line analysis of clinical ultrasound data 
with a view to the provision of diagnostically useful para- 
meters regarding tissue characteristics. 

A description was presented of the analysis procedures at 
present in use ranging from simple amplitude and spatial 
frequency determination to the investigation of the auto 
correlation function and attempts at deconvolution. 

A series of 25 patients with alcoholic liver disease have 
been investigated and the results of the computer analysis 
compared with pathological information obtained by needle 
biopsy. The presence of diffuse disease could be diagnosed 
correctly in 95% of the cases. Additionally, through the use 
of a minimum distance classifier, the computer was able to 
classify the disease state correctly in 72% of the cases. 


STATISTICAL VARIATIONS IN ECHO AMPLITUDES AND 
THEIR EFFECT ON INTERPRETATION OF GREY SCALE 
IMAGES 


By. D. C. Morrison and W. N. McDicken 
The Royal Infirmary, Edinburgh 
S. R. Wild and W. A. Copland 
The Western General Hospital, Edinburgh 





Production and interpretation of grey scale images of 
thyroid and liver were discussed. 

Normal liver and thyroid give rise to a range of echo 
amplitudes resulting in the familiar speckle pattern in the 
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image. The ability to detect an abnormal region within these 
organs will depend on the size of the abnormality and on 
how much its echogenicity differs from the normal tissue. 
Analysis of echo data from livers and thyroids allows an 
estimate to be made of the effect of the statistical variation of 
echo amplitudes on the practical resolution obtainable. 
These results were compared with analysis of computer 
synthesized echo data based on a simple tissue model. 


PRELIMINARY MEASUREMEN@S OF ATTENUATION OF 
ULTRASOUND IN PLACENTAL TISSUE 


By M. Kearle and M. F. Docker 


Birmingham University and 
Birmingham Maternity Hospital 


It is thought that ultrasonic characterization of placental 
tissue might be of value in certain disease states, for example 
Rhesus iso-immunization. The placenta has some degree of 
homogeneity, and it was thought the method used by 
Mountford and Wells (1972), to investigate the liver might 
be applicable to the placenta in vivo, 

Results of these measurements, and of in-vitro measure- 
ments on the placenta were presented in this paper. 


REFERENCE 
Moun trorp, R. A., and Wers, P. N. T., 1972. Ultrasonic 
liver scanning: quantitative analysis of the normal A-scan. 
Physics in Medicine and Biology, 17, 14-25. 


THE VALUE OF REAL-TIME ULTRASOUND IN 
ABDOMINAL DIAGNOSIS 


By H. B. Meire and P. Farrant 
Northwick Park Hospital & Clinical Research Centre 


Whilst real-time ultrasound has undoubted advantages in 
the investigation of early pregnancy, its value in abdominal 
nonobstetric diagnosis has been limited by the relatively 
poor resolution of current scanners. 

We have examined a large series of patients on both a real- 
time and a conventional “B” scan machine. A wide range of 
advantages and disadvantages of the real-time system have 
become evident and were presented. Also presented were a 
number of cases in which real-time ultrasound permitted the 
diagnosis to be reached after conventional “B” scanning had 
failed. 


THE SIGNIFICANCE OF ULTRASONIC GALLBLADDER 
WALL THICKENING 


By R. C. Sanders and E. Zerhouni 
John Hopkins Hospital, Baltimore, USA 


The thickness of the gallbladder wall has been measured on 
300 gallbladders, fifty with proven gallstones. In 250 there 
was no evidence of gallbladder pathology. Gallbladder wall 
thickening was as common in patients without symptoms as 
in those with cholecystitis. Echogenic gallbladder wall 
thickening was found to be of no pathological significance. 
Patients with alcoholic liver disease were noted to have 
gallbladder wall thickening more frequently than others. 
This was particularly noticeable in patients with ascites. 

In patients with acute cholecystitis, a minority showed a 
form of gallbladder wall thickening in which there were 


decreased echoes within the gallbladder wall. In three 
patients with hyperplastic cholecystosis there was irregular 
gallbladder wall thickening with polypoid protrusions into 
the gallbladder lumen. 


GREY-SCALE ULTRASONOGRAPHY AND ENDOSCOPIC 
PANCREATOGRAPHY IN PANCREATIC DIAGNOSIS 


By W. R. Lees 
Middlesex Hospital, London 


Grey-scale ultrasonography (US) and endoscopic pancreato- 
graphy (ERCP) have been compared in a consecutive series 
of 216 patients. The overall results were remarkably similar, 
and the two techniques gave complementary information. 
US failed to give adequate views in 13 cases, and pancreato- 
graphy failed in ten. In all 60 cases already known to have 
pancreatitis US accurately documented the presence or 
absence of cysts. ERCP mapped the duct systems and 
revealed many congenital anomalies of the pancreas. In 33 
patients with relapsing acute pancreatitis, ERCP was normal 
in 19 and US in seven. Both techniques demonstrated gall- 
bladder stones which had been missed on previous orthodox 
radiology. 

One hundred and fifty-six patients presented as problems 
in diagnosis; the final conclusion after full investigation was: 
cancer (22), pancreatitis (17), normal pancreas (82); the 35 
other patients were also believed to have a normal pancreas, 
but some doubt remained. There were no normal ERCP or 
US reports in patients with cancer, but two of the US 
reports wrongly favoured pancreatitis. In the 82 patients 
with a normal pancreas, ERCP gave three false positive 
reports, and US wrongly reported cancer on four occasions 
and pancreatitis once. 

A normal ultrasound scan virtually excludes pancreatic 
disease and no further investigation is necessary unless 
clinical suspicion is high. The combination of US and 
ERCP provides accurate and rapid pancreatic documenta- 
tion. 


THE ULTRASONIC DEMONSTRATION OF HUMAN 
FOLLICULAR AND CORPUS LUTEUM DEVELOPMENT: 
A NEW METHOD FOR OBSERVATION OF OVARIAN 
DEVELOPMENT 


By B.-J. Hackeloer 


Universitats Frauenklinik & Hebemmenlehramstadt 
Marburg, West Germany 


The use of ultrasound as a routine examination in obstetrics 
is well known. In gynaecology it is often limited to diagnosis 
of abdominal masses. Detailed systematic studies of the 
normal ovary using ultrasound are lacking and are limited to 
two or three reports, including work on the “stenoid” ovary. 
The accurate assessment of follicular growth and develop- 
ment is important in the investigation and treatment of the 
infertile woman. In such patients it is essential that the 
techniques employed are non-invasive and have no potential 
for causing harm to an early conceptus. In 1975 we studied 
first patients undergoing stimulation of ovulation with 
gonadotrophin therapy. Using the full bladdgr technique, 
the ultrasound examination allowed visualization of the 
developing cystic structure of the ovary, determination of 
the presence, number and size of follicles. The results of 250 
such scans in some 20 cases allowed us to deduce that 
ovulation induction would be successful (as shown by sub- 
sequent pregnancy) if the follicular diameter lay between 18 
* 


519 


ke S : x 
VoL. 52, No. 618 


Proceedings of the British Medical Ultrasound Society 


and 23 mm. The technique could also be a value by deter- 
mining the presence of multiple follicular development and 
consequently the risk of resultant multiple pregnancy and 
hyperstimulation. 

We are studying now spontaneously ovulating patients in 
the same way because previous workers have suggested that 
the follicular size at the time of spontaneous ovulation is 
13-15 mm. Human follicular development measured by 
peripheral plasma hormone levels and ovarian follicular 
growth assessed by ultrasound were compared. The linear 
correlation coefficient between the mean values for plasma 
estradiol and follicular diameter on days —5 to day 0 was 
roe(h868, and the diameters found were similar to data 
presented above. 

It seems that ultrasound measurement of follicular 
diameter offers an additional technique for the study of 
ovarian function, 


CARCINOMA OF THE OVARY— CORRELATION OF 
ULTRASOUND AND X-RAY COMPUTED TOMOGRAPHY 
WITH SECOND LOOK LAPAROTOMY 


By S. J. Pussell, D. O. Cosgrove, E. Wiltshaw, 
J- Hinton, G. H. Barker and Janet E. Husband 


The Royal Marsden Hospital 
Downs Road, Sutton, Surrey 


In a series of patients with carcinoma of the ovary, results of 
ultrasound examination of the pelvis and abdomen and 
results of X-ray computed tomography (CT) of the pelvis 
were correlated with second look laparotomy. Strict criteria 
apply to selection of the two groups of patients submitted to 
second operations. In the first group, patients have stage 
HI or IV disease, have been on chemotherapy for five to 
seven. months and have responded to treatment according to 
clinical assessment. ‘The second group have had carcinoma 
of the ovary treated previously with surgery, radiotherapy 
and/or chemotherapy and clinically have recurrent disease. 
The second operation is primarily a debulking procedure 
where as much residual tumour as possible is removed. 
Pelvic structures not removed at primary surgery are also 
excised. Second look laparotomy offers an ideal opportunity 
to test the accuracy of ultrasound and CT in detecting 
disease. 

A standard technique is used for ultrasound scanning. 
The patient is required to have a full bladder and an empty 
sigmoid colon and rectum, Diuretics and aperients are used 
when necessary. The liver, mid abdomen, para aortic region, 
pelvis and kidneys are scanned routinely with single pass B 
scans, using a high resolution grey scale machine at 3 MHz. 
Computed tomography is performed on an EMI CT 5005 
body scanner and transverse tomograms are produced at 
1.3 om intervals throughout the pelvis. The patient is re- 
quired to have a full bladder, Gastrografin (sodium dia- 
triogate) 5°, contrast medium is used in the lower bowel. 
Buscopan (hyoscin-N-butyl-bromatum) 20 mg is given 
intramuscularly and a vaginal tampon is inserted for all 
pelvic examinations. 

‘Twenty-six patients have been studied to date. Ultra- 
sound was performed in all patients and CT in eleven 
patients. Ultrasound was sensitive in detecting recurrent 
tumour in the pelvis and metastases in and around the liver. 
CT was not as accurate as ultrasound in the pelvis. Ultra- 
sound consistently failed to detect intraperitoneal seedlings 
except when disease was gross and/or ascites was present. 
This is to be expected as the size of most peritoneal deposits 
is beyond the resolution of both modalities. These lesions 
however are easily detected at laparoscopy. 


RADIAL SCANS OF THE EXTRAHEPATIC BILIARY SYSTEM 
IN OBSTRUCTIVE JAUNDICE 


By J. G. Duncan 
Royal Infirmary, Glasgow 


The ability of ultrasound to differentiate between obstruc- 
tive and non-obstructive jaundice is well recognized and is a 
useful selective method for further investigation. This may 
take the form of percutaneous transhepatic cholangiography 
either alone or in conjunction with endoscopic retrograde 
choledochopancreatography. However, ultrasound may give 
useful information about the level and cause of obstruction 
in obstructive jaundice. 

A dilated extrahepatic biliary system may be difficult to 
distinguish from the portal vein. The anatomical relation- 
ship of these structures may be demonstrated and identified 
by radial scans of the extrahepatic bile ducts. Clear defini- 
tion of the neck of the gallbladder may also be obtained, The 
level of obstruction and, in some instances, the cause may be 
assessed with some accuracy. 

In a recent series of 43 patients with surgical jaundice, 
ultrasound detected the level of the obstruction in 28 cases, 
the level being identified in 70% of cases of malignant 
obstruction and in 55% of gall stone disease. Gall stones 
were identified in the common bile duct in only 15% of 
cases proven at operation. Of seven patients with proven 
carcinoma of pancreas five were detected by ultrasound. 


A PROSPECTIVE STUDY OF THYROID ULTRASONOGRAPHY 


By W. R. Lees, L. R. Watson 
and R. C. G. Russell 


Departments of Radiology and Clinical Measurement 
Middlesex Hospital, London 


The management of thyroid swellings has become more 
controversial since the spread of ultrasonography for the 
diagnosis of thyroid lesions. Apart from the case of simple 
cysts, the diagnostic accuracy is only now reaching the level 
at which the clinician takes notice. 

We report on the use of ultrasonography in 141 patients 
in whom a final diagnosis has been obtained. Ninety of 
these had a histological, and 51 a firm clinical diagnosis. 
The ultrasonographic features of thyroid disease and criteria 
for diagnosis are described. 

Local and general disease was correctly distinguished in 
96% of the cases. Only one truly solitary lesion was not 
interpreted as such (a solitary adenoma was described as a 
multiple adenoma). Most of the diagnostic problems en- 
countered in making this distinction have arisen from the 
misinterpretation of the dominant nodule in a multinodular 
goitre. 

The overall accuracy in providing a tissue diagnosis was 
86% (simple cysts (16) 100%, adenomas (33) 88%, colloid 
goitres (44) 77%, the thyroidites (22) 82%). 

The anatomy and pathological changes in the gland were 
nearly always correctly described. Most errors were those of 
interpretation, engendered by the variability of pathological 
change in thyroid disease. 

Twenty-seven patients presented an appearance suspi- 
cious of malignancy. All nine of the thyroid cancers were 
placed in this category, although only four were confidently 
diagnosed as such. 

The role of ultrasonography in the management of 
thyroid disease was discussed. 
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June 1979 


The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and,its associated bodies on the basis of charging at £1 -00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(i.e. April 20, for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 32 Welbeck 


Street, London W1M 7PG. 


e 
INTENSIVE Course IN Mepicat RADIATION BIOLOGY AND 
MEDICAL STATISTICS 

An intensive five day course, suitable for candidates pre- 
paring for the first examination for the R.F.C.R. (and the 
D.M.R.T.) will be held at Ruchill Hospital, Glasgow, where 
residential accommodation is available on June 11-15 1979. 

The course has been designed to cover the syllabus in both 
medical radiation biology and medical statistics as required 
by The Royal College of Radiologists for its first examination 
in radiotherapy. 

Course fee: £75. 

Course Organizers: West of Scotland Committee for 
Postgraduate Medical Education (in association with The 
Glasgow Institute of Radiotherapeutics and Oncology). 

Further details and application forms may be obtained 
from: Dr. J. Kirk, Radiobiology Research Group, Glasgow 
Institute of Radiotherapeutics and Oncology, Belvidere 
Hospital, Glasgow G31 4PG. 


NUCLEAR CARDIOLOGY 

A workshop organized by the Nuclear Medicine Com- 
mittee of The British Institute of Radiology to be held on 
June 20, 1979 at St. Bartholomew’s Hospital, Gloucester 
House, Little Britain, London EC1. Anyone wishing to 
make a presentation should contact Dr. K. E. Britton, St. 
Bartholomew’s Hospital. 

Further information regarding this meeting can be ob- 
tained from the General Secretary, The British Institute of 
Radiology, 32 Welbeck Street, London WIM 7PG (01- 
935 6237). 


e+ 
1811 CONGRESS OF THE SOCIETY OF FRENCH SPEAKING 
Hospitar Pysicists 

The 18th Congress of the Society of French Speaking 
Hospital Physicists will take place in Nancy (Centre Alexis 
Vautrin) on June 21-23, 1979. 

Scientific programme: The combination of external 
radiotherapy and curietherapy in the treatment of head and 
neck carcinoma; measure of low dose in radiodiagnosis and 
radiotherapy; inhomogeneities in radiotherapy (photons and 
electrons). 

Further information from the Secretary, Melle Roy, 
Congress SPHEF, Centre Alexis Vautrin, R.N. 74- 
Brabois, 54500, Vandoeuvre-les-Nancy, ‘Tel: (83)}-55-81- 
66, ext. 283, 


EUROPEAN SYMPOSIUM ON RADIOPHARMACOLOGY 

To be held at Noordwijkerhout (The Netherlands) June 
21-23, 1979. 

This symposium will be held under the auspices of The 
European Nuclear Medical Society, The Society of Nuclear 
Medicine (Die Gesellschaft für Nuklearmedizine) and The 
Department of Nuclear Medicine Rotterdamsch Radio- 
Therapeutisch Instituut, Groene Hilledijk 301, 3075 EA 
Rotterdam, Head of the Department: Dr. P. H. Cox. 

Sessions will be held on ionic tumour localizing radio- 
pharmaceuticals, technetium Hida derivatives for liver 
function investigations and technetium skeletal scanning 
reagents. 
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For further details and registration please contact: Dr. P, 
H. Cox, Head of Department of Nuclear Medicine, 
R.R.T.I. Rotterdam: Groene Hilledijk 301, 3075 EA 
Rotterdam, The Netherlands. 


20TH SUMMER SCHOOL IN Heattu Puysics 
This course being held July 2-13, 1979, provides a broad 
background in the subject and is particularly suited to those 
carrying responsibilities for radiological protection in govern- 
ment, industry, hospitals and education. 
Details from Dr. H. D. Evans, Health Centre, Imperial 
College, London SW7 2AZ. 


Recent ADVANCES IN ULTRASOUND 

This is a day meeting at Addenbrookes Hospital, Cam- 
bridge, on Wednesday, July 11, 1979 

Speakers will include Dr. M. Bark, Mr. R. Blackwell, Dr. 
L. Burger, Dr. D. Cosgrove, Dr. C. Metrewelli and Dr. Ww. 
R. Lees. 

Closing date for applications: June 25, 1979. 

Further details from Meeting Organizer, Dr. J. Tudor, 
Department of Radiology, Addenbrookes Hospital, Cam- 
bridge (tel. Cambridge 45151, ext. 203). 


IV EUROPEAN CONGRESS OF RADIOLOGY 

The IV European Congress of Radiology will take place 
in Hamburg (German Federal Republic), September 4-8, 
1979. 

Scientific programme: 
diagnostic research of organs of the upper abdomen; 
diagnostic research in nuclear medicine: organs of the upper 
abdomen; 
radiotherapy in tumours of the genital system of males and 
females; 
radiobiology and X-ray protection (combined therapies and 
risks of ray exposure); 
radiophysics and techniques (methodical problems in diag~ 
nostics and in planning of radiotherapy). 

Enquiries: Secretary of the IV European Congress of 
Radiology, Postfach 10 64 07, D-2000 Hamburg 1, 
Federal German Republic. 


HYPERTHERMIA IN RADIATION ONCOLOGY 

First European Meeting under the sponsorship of the 
European Organization for Research and Treatment of 
Cancer (EORTC) Radiotherapy co-operative group will 
be held on September 10, 1979 (the day before the Gray 
Conference) at St. Catherine’s College, Cambridge. 

Deadline for abstracts: June 30, 1979, 

Details and forms may be obtained from Dr. G. Arcangeli, 
Istituto Medico Scientifico, Clinica Villa Flaminia, Via Luigi 
Bodio 58, 00191 Rome, Italy. 


QUANTITATION OF TUMOUR RESPONSE: A Critica 
APPRAISAL 
The L.H. Gray Conference will be held in Cambridge, 
England, during the week of September 10-14, 1979. The 
topics of the meeting are intended to stimulate a critical 
appraisal of the techniques that are currently in use both 
° 
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experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
In situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies. 
Factors of prognostic significance. 
in vitro assays of tumours excised after treatment in vivo. 
The choice of suitable experimental models in rodents. 
‘The role of human tumour xenografts. 
Statistical evaluation of tumour response data. 
‘The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in situ 
response. 

Further information from Dr. J. Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


Recent ADVANCES IN BRAIN SCAN 

Bordeaux, September 20-22, 1979. Under patronage of 
Université de Bordeaux II and Institut National de la 
Santé et de la Recherché Médicale (INSERM), Professor 
J, M. Caile and G. Salamon are organizing in Bordeau a 
meeting devoted to “Recent Advances in Brain Computed 
Tomography”. 

Subjects: Physical basis of computed tomography by 
transmission; normal and pathologic results and their cor- 
relation. Other methods of tomography (neutron scanner, 
emission scanner, etc). 

The languages used will be French and English. Fees: 

S00 BLP, 

For any information: Professor Caille, Service de Neutro- 
tadiologie, Hôpital Pellegrin-Tripode, 33076 Bordeaux. 
‘Tel. (36) 96.83.83, poste 4603, 


Sr INTERNATIONAL CONGRESS OF THE INTERNATIONAL 
_. RADIATION PROTECTION ASSOCIATION 
Will take place in Jerusalern, Israel, March 9-14, 1980. 


Book reviews 


Surface Anatomy for Patapat, By D. W. McKears and 
R. H. Owen, pp. 105-+-index+10 illus. 1979 (Bristol, 
John Wright & Son), £4-00. 
ISBN 07236-05114, , 

‘This small book fills a large gap in bringing together all 
the information about surface anatomy which our students 
are expected to know. 

‘The book is divided into two sections: the first on the 
Surface atiatomy of the bony structures and the second on 
the soft tissues, and it sets out clearly and simply the 
relationship berween the two. 

There are clear line diagrams on nearly every page and it is 
beautifully illustrated with ten photographic plates of 
various well known statues mostly showing muscles. 

The book has an appendix giving a very simple summary 
of planes, landmarks and structures at every vertebral level, 


oand an introduction describing, among other introductory 


comments, methods of palpation and visual inspection 
which very few books available to the radiography student 
inchide, 

At £4-00, this little book would be a useful addition to 
every radiographer and student radiographer's private col- 
fection, particularly those specializing in ultrasonics. It 
could also be 2 useful reminder to radiologists. 

JENNIFER RICHMOND. 


The scientific programme of the Congress will cover all 
aspects of radiation protection with emphasis on its central 
theme: radiation protection—a systematic approach to 
safety. 

An interesting programme has been planned including a 
commercial exhibition'and pre- or post-congress workshops 
and Professional tours. 

Social events and a programme for accompanying persons 
have been organized. 

For further information: The Secretariat, 5th Inter- 
national Congress of IRPA., PO Box 16271, Tel Aviv, Israel. 

° 
SYMPOSIUM ON SPINE AND Its CONTENTS 

EAR ‘Symposium Vertebrologicum” (Spine and its 
Contents) will be held from April 23~25, 1980 in Prague, 
Czechoslovakia. 

The subjects of this symposium will be recent advances 
and experiences in: 

(a) Equipments and investigative methods of spine and 
spinal cord. 

(b) Radioanatomy and physiology of spine and spinal cord. 

(c) Radiodiagnosis of pathological conditions. 

(d) Interventive (diapeutic) radiodiagnostic methods. 

For further information contact (not later than June 
1979): The secretariat of “Vertebro 1980”, PO Box 88, 
Sokolská 31, 120 26 Praha 2, Czechoslovakia. 


XV INTERNATIONAL CONGRESS OF RADIOLOGY 

The XV International Congress of Radiology will take 
place June 24-July 1, 1981 in Brussels, Belgium. 

The scientific activities of the Congress as well as the 
scientific and technical exhibitions will take place in the 
Brussels Exhibition Centre. 

Further information from: Secretariat ICR-81, Ave. 
Winston Churchill 234B-Box 16, B-1180 Brussels, Belgium. 





Normal Radiologic Patterns and Variances of the Himan 
Skeleton, An. X-ray atlas of adults and children. By R. 
Birkner, pp. x 4-564, illus., 1978, (Urban & Schwarzenberg, 
Germany), DM 148. 

ISBN 0-8067-0211-7 

This is an encyclopaedia of the normal bony skeleton and 
its variants, printed in Germany, It is beautifully illustrated 
on high quality paper with over 800 very fine positive print 
radiographs and approximately 400 line drawings. 

There is a short initial chapter on X-ray physics, radiogra- 
phy and protection. The adult skeleton is demonstrated with 
great care and thoroughness and its variants described. I 
very much appreciated the use of dried skull sections in 
explanation of tomographic anatomy and the radiographs of 
the variants of the sella turcica. There are short sections on 
idiopathic scoliosis and double contrast knee arthrography. 

To complete the book there is a very.substantial chapter 


covering the difficult subject of the skeleton in childhood ° 


and adolescence and this is- particularly valuable. The 
references are refreshingly European. ` 7 
The quality of this book is unmistakable. It should becomé, 
an essential reference book for all undergraduate libraries, 
orthopaedic surgeons and radiologists. 
A. B, AYERS. 
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Telescreen and radiographic examination of urinary transport 
The diagnostic limitations ofeqmputerized axial tomography 
Medical terminology in hospital practice ; 
Textbook of nuclear medicine 

Pediatric X-ray diagnosis 

Medical physics . 

A guide to the X-ray department 

Radiation dose limit for embryo and fetus in occupationally exposed women (NCRP Report no. 53) i 
Principles of cardiovascular nuclear medicine 

Tactics and strategy in cancer treatment 

Surface anatomy for radiographers 


Normal radiologic patterns and variances of the human skeleton. An X-ray atlas of adults and 
children 
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Clinical applications of the electron beam. Edited by Norah du V. Tapley, pp. xiii+-274, 1976 {John Wiley & Sons Ltd., 


Chichester) £15-00. 


‘High-energy photons and electrons: clinical applications in cancer management, Edited by S. Kramer, N, Suntharalinger and 


G., F. Zinninger, pp. xi+ 363, 1975 (John Wiley & Sons Ltd., Chichester), £17-65. 





Computers in the Control of 
Treatments Units 


The British Institute of Radiology: Special Report No 16, March 1979 


by R. E. Bentley, A. L. Bradshaw, C. A. F. Joslin, W. J. Redmond, M. E. Rosenbloom, 
B. J. Scholl-Evans, J. B. H. Stedeford and R. C. Tudway. 


Digital computers are being used very successfully in radiotherapy dose computation. This report deals 
with another, at present less highly developed, application of computers, the provision of some degree of 
automation at the point of treatment. Drawing on their own practical experience, on information from 
manufacturers and on the relatively sparse literature on this topic, the authors analyse the reasons for 
wishing to introduce some automation, discuss suitable techniques and procedures and make specific 
recommendations. Practical problems in implementing such control systems, including the need to gain 
acceptance from those operating the equipment and from those being treated, are carefully considered. 


The authors were of a multidisciplinary Task Group, convened by Dr. Roy Bentley, which had been set up 
by the British Institute of Radiology Working Party on “Applications of Modern Technology in 
Radiotherapy.” 

The report should be of interest to all those concerned as users, designers or manufacturers with 
future developments of radiotherapy apparatus. 


Orders to: . 
The British Institute of Radiology, 32 Welbeck Street, London W1 M 7PG 


or through your bookseller Price: £2-40 


ISSN 0306-2120 
ISBN 0-905749-04-9 
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